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necessaulv so weihtncd In the insertion of the tang and 
the consequent thinness of the wood left between the ting 
and the fuiule that it berime too slight to sustain the 
strain made upon it when m use It was therefore neces¬ 
sary to make a change, ind this was effects by doing away 
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with the tang and ranting the blade and ferrule in one 
piece, a much superior mode of baiting than hnd hitherto 
been adopted. Tins veiy important step, the union of the 
blade and feriule, marks a distinct stage in the evolution 
of tin' spear-head, It i& in reality the invention of the 
socket, and though it mvolved u greut change, and even 
introduced a new piineiple, it ne\eitheles« came about by 
a very simple piocoss 'Hie head shown (Fig b) is toimed 
b\ casting the Jeirule in one piece with the blade. It was 
found in the Aneton Down hoard, and may be regarded as 
the enilicst known socketed blouse spear-liead which has 
been discovered in tin 4 I'nited Kingdom It bus no loops, 
but has been attached to the end of the shaft by means of n 
pin which passed tbiough two holes and the intervening] 
sluitt This constitutes the earliest mode of fastening the] 
socketed spent-head \ 

In the Arreton Down liead, as also id those which ^imme¬ 
diately succeeded that foim, (lie cavity of the socket does 
not extend into the blade but stops at the line of the simu¬ 
lated mouth, whore the blade and socket met befoie they 
weie cast in one piece. The simulated mouth of the socket, 
and the simulated livet heads, uic no doubt derived fiom 
the tr tie mouth and livets of the* Snow shill type of head, from 
winch the Aneton Down head difteis in having the tang 
omitted and the blade and socket cast in one piece. A com- 
puiison of these two heads, Figs. 5 and (5 will show clearly 
that the Snowshill head is the prototype of thut from Arreton 
Down even in minute detuils. The socket of the spear-lieud 
was therefore derived directly from the ferrule of the tanged 
type. It is u remurkuble fact that the invention of the 
socket as u method of attaching the heud of the spear to the 
shaft anticipated, apparently by a long period, the same pro¬ 
vision for hnfting the axe. When once the socketed spear¬ 
head was adopted it must have become apparent that it was 
the best method of attaching the blade to the shaft, and it 
continued to be used in that relation during the remainder 
of the Uromee Ape, and though various modifications took 
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the sloping outline ot the sules ol the bl ule (I lg 13) They 
ultimately move hifjiei up iml betome whit are cilled the 

r~ \ 



Fio 12 Twickenham [B M ] Fie 14 —Scunthorp Linoa [B M ) 

Piotected Loops lhe angular outline has now qmte 
dis ippeared and the edge flows in one unbroken line from 
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its point down to the base where it joins the socket. The 
wings themselves have become plain and of. almost unitorm 
thickness. 

The latest development in the relation of head and shaft 
took place when the method of fixing the ^lintl by a peg or 
pin was reverted to (Fig. 14) and the loops hud entirely dis¬ 
appeared, or only survive in the piercings which occur in 
some of the heads in the form of lunate u 1 other openings. 

The full development has now taken place, and the 
spear-head had passed into the leaf-shaped socketed type, 
which, with various modifications and diffei paces in sub¬ 
ordinate particulars, prevailed down to the end of the 
Bronxe Period.. 

Tho progress in the development of the spearhead had 
throughout been towards simplicity and efficiency, and this 
was carried out so fully in the leaf-shaped bonds that there 
appears to he no further loom for improvement in that 
direction. Henceforward any advance that was made was 
by means of economy in the use of metal, which at the same 
time reduced tho weight All these methods seem to have 
been in use at the same time, and to have continued until 
the end of the Bronze Age. 

One of the new methods which came in with the early 
leaf-shaped heads was by piercing the wings with openings 
at their thickest part where they abut on the midrib 
socket (Fig. 15). These openings are heijuently lunate in 
shape, for that form is the best mode of lessening the 
amount of metal. The straight side of these openings is 
placed next tho midrib socket, while the cuived side follows 
more or less the outline of the edge ot the wings. .These 
lunate openings uot only economise metal and reduce 
weight, hut also add to the uppearunoe of the heads. In 
some of the smaller heads the openings ate merely circular 
holes (Fig. 16). In others, especially in those of more than 
ordinary size, the larger opening is now and then supple¬ 
mented by the addition of small circular holes in the nar- 
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rower portions of the wings above and beneath the prin¬ 
cipal opening. Heads with lunate openings are not un¬ 
common in England t Scotland and Ireland, but are very 
rarely found outside these countries. 

Another method of lessening the amount of metal, 
which only came in with the Inter leaf-shaped sheads, was 
that of making the whole head hollow In the lute loaf^ 
shaped heads there is a gradual merging of the wings into 
the midrib socket. This leature, which produced a thicken¬ 
ing of the wings as they approach the midrib, affoided 
room for extending tlu* socket-cavity into the wungh, there¬ 
by removing what would otherwise have been superfluous 
metal. This hollowness, which begun by u very trifling ex¬ 
tension of the socket-cavity, was finally carried to such an 
extent that many heads are meiely shells, with walls in 
some cuses less than one-twentieth of an inch in thickness. 
In these heads with thin walls the midrib is frequently absent, 
or only represented by a narrow’ bead, Fig. 17 There 
appear to be no hollow heads outside the United Kingdom, 
because in foreign examples the wings are not thirk enough 
to allow of then being made hollow. 

From its fiist inception throughout the whole progress 
of the evolution, till it finally eulminated in the hollow- 
head, the spear-head of tho United Kingdom has a char¬ 
acter of its ow’n, one quite different from those found else¬ 
where. No other country con show such a sequence of 
forms as we have, a fact which at least seems to claim for 
these islands an indigenous bronze spenr-head. 

The SwoBifc 

The pword is essentially a metal weapon, t,e , a wooden 
weapon is at best but a flattened club, and not until 
some considerable time after the advent of metal did the 
true sword come into existence. Its origin is to be found in 
the copper or bronze knife with a small thin blade, which in 
the United Kingdom is represented bv the so-called knife 
dagger, which in its earliest form has a rounded point, and 
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was probably a domestic implement nther than a weapon 
(lag 18) This implement m found in the e tily burnls and 
belongs to a time whin metal was scire but as it became 
more plentiful tlu blade was thickened and given a midrib 





Fig 18 Fios 20 akd 19 


and point It bad then developed into the true dagger foi 
warlike purpose* well adapted to thilisting but less so to 
cutting (big 2) With increasing command of metal the 
dngger was elongated into a thin tapering weapon special 
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lsed for thrusting, whit h h is been called a rapiei (Fig 19) 
Hiese bron/e inpiers displiv \eiy consult i iblo skill in design 
mil manufacture, some ol them bcin^ over thntv inches in 



Fra 21 -River Tyne Pin 22 —Tin* Hut Platv 

[BUokgate Museum ] of 1 n 21 

length, and only five-eights of an meh across the centre of 
the blade, excellent weapons for thrusting But thrusting 
in an acquired art and man’s natural blow sweeps m a semi¬ 
circle, so that in the heat of a fight he instinctively slashes 
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at bis enemy, and in time the rapier was displaced by a sword 
which ultimately expanded mto a broad leaf-shaped blade 
adapted for cutting. 

These leaf-shajied blades were at first mounted similarly 
to the daggers, but the rivets near the edge of the base of the 
blade were frequently torn out, for a much greater strain 
was thrown on them in cutting than in thrusting, sc an alter¬ 
ation in the method of fixing was necessary, the tang was 
gradually extended into the hilt (Fig. 20) until it became n 
plate sandwiched between two other plateB of horn or bone, 
(Fig. 21) which form a much more secure method of attach¬ 
ment and eventually became the popular method of the 
Bromse Age. 

Many writers have commented upon the very small size 
of these sword hilts, and argue therefrom that the men who 
used them had veiy small hands and therefore were men of 
less stature than men of the present day. But this is entirely 
an error. We know from the skeletons tabulated by Dr. 
Greenwell that the average Yorkshireman of that day was 
about five feet nine inches in height. The explanation is as 
follows (Fig. 22) You will observe that there is a notch on 
either side of the base of the blade, which is intended for 
the first finger, and if held in this manner the hilt is quite 
large enough for the hand of an average man. 

The leaf-shaped spear and sword are the forms par excel¬ 
lence of the British Bronse Oulture. They are admirable 
alike for design and workmanship. They may have been 
equulled, but certainly not surpassed, by those of any other 
part of the world. 
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The I nfluence of Conductivity ok t iie Ap p arent 
Dielectric Constants of Liquids. 

By Profegwr W. M. Trowtoh, D.Bo., D. Kng. 

[Retd November 14th, 1912.] 

The electric polarisation of n perfect insulator has two 
components, a true displacement of the rother and a separa¬ 
tion of electrical charge within the molecule. There are no 
free electrons or ions and there is therefore no conduction 
current. Tn an imperfect or con ducting dielectric there is 
also a transfer of charge generally assumed to he electrolytic 
in type. It is liowevei difficult in such a case to discrim¬ 
inate between dielectric polarisation m which, whilst the 
charges are separated in the molecule, they do not escape 
from it, and the ionic conduction of electrolytes. In steady 
fields the final current is of the latter type, hut at the start 
and wherever there is time variation of voltage the polarisa¬ 
tion terms must ulso be considered. 

The behaviour of a conducting dielectric may then be 
examined by direct measurements with steady currents or 
by observation of rupacity currents in alternating fields. 
The difficulty in the former case arises chiefly from chemical 
polarisation at the electrodes, and in the latter from the fact 
that any expression for the charge on the boundary surface 
of such a medium includes the product of the resistivity 
and the true dielectric constant. 

In a condenser composed of flat parallel plates of dielec¬ 
tric having a voltage gradient V through them, the current 
density is — Y/p x , the negative sign denoting, that the voltage 
is falling in the direction of flow. But at a .surface separ¬ 
ating two media of dielectric constants K l( and resist¬ 
ivities p !( p 9 , the density of charge which gives the 
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apparent dielectric constant is, by GmuwT Theorem, <r ** 


Kiv l - k 8 v 2 ) 


, V being* measured from tlie mteitare in 


each case. Thus 4ra = — TK,/> 4 Kjp a )». If the second 
medium is a metal m which the true polarisation coefficient 
K ih unity and p very small, the chaige is proportional to 
the product K t pi, and to the current density * at any instant. 
The pioduct Kpis of great piacticnl importance in the trans¬ 
mission of signals along wires embedded in dielectrics, 
appearing as the so-called Kr law. 

The apparent conductivity, *hat is the ratio of the 
turrent to the voltage, ot a condenser having a Capacity K 
and a perfect dielectric, is s = 2**//K + riKlUt. For since 
q - KV, »- Kt + VK, and * = */V - K?/V + t, which 
when V is a simple harmonic of frequency n, has the above 
value, each term of which is a function of the time. 

It is the more difficult to distinguish between the effects 
of the K and p components in the case of a conducting 
dielectric, for both may be influenced by change of fre¬ 
quency and by changes in the composition of the substance. 

Influent* of frequency .—Most of the measurements of K 
in liquids have been made with the liquid in contact with 
the terminal plates of the condensers, and there would 
appear to be a difference introduced by not making direct 
contact with them. Thus the values given in Wmkelmann 
(Hand TV. p. 144) for the dielectric coefficient of water, 
which are the mean values of many observations by such 
contact methods, are: 



Within the limits of experimental error the dielectric 
coefficient lvere remains constant over a remarkably wide 
range of frequency. But when water is enclosed in a quart* 
ellipsoid as used by Beaulard (Science Abstracts, 1906-7-8 
and 1910) upended in a Hertzian field so that there is no 
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contact between the electrodes and the liquid, K is found to 
decrease in a consistent manner as the frequency is raised. 
Beaulard's values may bo summarised as follows:— 


II 

83.10* 

11 10* 

i 25.10* 

1 K ' 

j 332 

3 31 

| 278 1 


For ice first melting 1 455 und for water just freezing 
K —3 072, at n —6.10° The square of the refractive index 
of ice is 1 71 which agrees fanly well with the dielectric 
constant. 

The alcohols lmve dielectric coefficients ranging from 14 
to 30 measured at long oi short wave lengths by any of the 
usuul methods; but when enclosed as above iu a quartz 
ellipsoid these fall to 4 5fi, for example, at X = 36 metres, 
or 3’70 at X = 12 metres. 

It is clear from this that the dielectric constants of 
liquids other than electrolytes are affected by arranging 
the experiment so that no conduction or quasi-conduclion 
currents can flow In the case of u conducting liquid sus¬ 
pended inside an insulating ellipsoid the icsultunt toique 
is only that of the true dieloctric polarisation, ioi un> move¬ 
ment which gives rise to charge on the inside ends of 
the containing vessel induces an equal opposite charge on 
the outside surface, and since every precaution is tuken by 
drying to make the outer surface non-conducting, these 
induced charges cannot combine and so remaining mask the 
entire effect of the inside separation which indeed can only 
take place freely when the flow is cncuital Ilavelock has 
shown that electrical double refraction in liquids can be 
accounted for by electrieui distortion of the molecule from a 
sphere to a spheroid. Then* would therefore appear to be a 
true elastic displacement of the electronic charge in th$ 
molecule from a spherical to a spheroidal configuration 
which has a minimum value at the velocity of light and has 
an amplitude several times greater thun this at very 
low frequencies. The values obtained by Beaulard are 
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intermediate, but approach the lower limit. The square of 
the mean of the refractive indices of u number of alcohols 
for the 1) line is 1*9G, and there is dispersion to be considered 


Influence of added salts —The position of a conducting 
dielectric in the scale of resistivities cannot be defined 
sharply. “ Conductivity water ” at one end of the runge has 
u resistivity of 10 6 ohms poi cm cube. For saturated 
sodium chloride solution in wuter p is 477 The range 
within which liquids can be classed as conducting dielectrics 
may be taken to be between 1 and 10 6 ohms per cm. cube. 

In a perfect insulator the dielectric constant is the squaie 
of the refractive index /*, but whcie there is absorption either 
by conductivity or molecular resonance /** =K +AN, the 
second term consisting in the latter case of a series of terms 
each containing i\ the uumhei of elections in unit volume, 
and couesponding to frequencies at which icsonance occuis 
The mobility of the electrolytic ions has heie no influence 
for the resonance considered is electionic not ionic. 


We may then write ft* = K + A/p, or Kp =■ ft a p — A. 

It has been shown* that the conductivity of suline solu¬ 
tions is nearly proportional to the percentage g of added salt, 
so that gp»a, a constant; and further that the change 
of refractive index is also proportional to the added salt. 2 

Thus (ft — pt Q )fg = r, a constant, and p = acj(p — /a 0 ), so that 



For saline solutions the values of /**/(/* — /* 0 ) are as 


follows 3 : 



1 Whethwn. Theory of Solution. p. 413. 

1 Sohtttfc. londolt sod Bometein Tobellen. p. 684. 
* Roy. Boo. Proc. B,, vol 85, 1912. p. 332. 
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The product Kp therefore decreases os the strength of 
solution is increased and since the curve of change of p 
resembles closely that of /i s /(p — p 0 ) the change of the true 
dielectric constant K must in this case be small It is 
evident from this that the resistivity of a conducting dielec¬ 
tric is the dominating factor in its behaviour in alternating 
fields even at high frequencies and much more bo at low 
values. 

Condenser with ionised medium .—The theory ot u <*on- 
denser containing an ionised dielectric medium has been 
given by Prof. H. A Wilson in connection with the con¬ 
ductivity of flames for rapidly alternating currents. The 
conditions in flame are in some respects not unlike those of 
conducting liquids. Their resistivity is about 10* ohms per 
cm. cube. Moth flame and electrolytic ions obey Ohm’s law. 
Faraday’s laws of electrolysis upply also to salts in the state 
of vapour, and the charge curried per unit muss is 96,440 
coulombs in electrolytes, 98,600 in vapours at 1,400° (\ On 
the other hand the negative ions in flame have a velocity of 
10,000 cm. u second, and are piobubly fiee electrons; the 
positive ions of any alkali salt move at 60 cm u second. 
Neglecting the inertia ot the negative ions and their viscous 
damping and considering the ]K>sitive ions to be too 
massive to move, the expression derived for the change ot 
apparent capacity per unit area caused by conductance of 

the medium is / , where n is the number of ions per 

v oir V o 

per sq. cm. and e the charge on each; 4 V 0 is the maximum 
voltage during the cycle. The apparent capacity is therefore 
independent of frequency. 

In the case of electrolytes the velocity of translation is 
much less than in flame, but the concentration is so much 
greater that the appurent dielectric constant will, when 

4 The Electrical Properties of Flames and Incandeeoent Solids. Prof. 
H. A* Wilson, T.R.S UnW. of Load. Prase, 1012. p. 105. 



24 


measured, be piobnbly found io be higher in conducting 
liquids than m their vapour at high temperatures 

The facts may be summarised as follows The dielec- 
trie coefficient of a conducting dielectric, found by observa¬ 
tion of the charge in a condensei having it as medium in 
contact with metallic plates, is propoitionul to the product 
Ep, the current density being constant The dielectric 
coefficient of such a medium should be theoretically inde¬ 
pendent of frequency; the obseived coefficient for water, 
measured with the liquid in contact with the terminui 
plates, is independent ut frequency. The product Kp m saline 
solutions <1 (m leases nearly in propoitum to the resistivity, 
and lastly, when the etlei Is oi conduction euirents aie elim¬ 
inated the obseived dielectric coefficient is much reduced, 
approuehing that ot a perfect dielectric with K =/i 2 . 

It is now suggested that the high values ot E, for water 
and alcohol for example, should be considered as an effect 
depending more ou the electrieul conductivity of the 
medium than upon true polarisation, that is to say, more 
upon the rapidity with which the electrical configuration 
in the molecule cun take up new positions than upon the 
magnitude of the change. The conductivity considered is 
that of electronic mobility within the molecule rather than 
of ionic mobility tluough the fluid The resistivities of u 
number oi solid diehn tne* have been deteiinined by the 
moAement of charge in a suspended ellipsoid, 6 and agree 
closely with those obtained by other methods, so that, even 
in solids, lesistivity to polarisation is an important factor. 
In conclusion it may be remarked that in the Clausius- 
K — 1 

Mossotti formula g = fid, the density d might well be 

replaced by the conductivity a, for the general expression is 
v _ i 4»N#» 

1T+ 2 ” ST r ' w hieh N is the number of electrons in unit 

volume each carrying a charge /' being the intensity of 
the elastic constraint caused by the other electrons in the 

* Proa Phy*. Boo. Load., vol. xxii; alto Phil. Mag. Mtf oh, 1910, f! 40ft 



same molecule* The expression might with equal truth bo 
K— 1 

written -jr— g = /fcr, provided that there is no change of 

physical state. There are at present no experimental values 
ot both E and <t recorded for any substanoe at different 
densities. In the case of conducting dielectrics it will be 
necessary to measure the coefficient E by a suspended 
ellipsoid or slab method, by which ionic conduction currents 
are prevented from flowing 
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The Time-Averaoe Value of Uranium and its 
Connection with Geoix)oical Time Measure- 

MENTH. 

By Robsrt W La whom, B.Bo. 

[Read November 21st, 1912.] 

That lend is the ultimate product of disintegration of 
uranium ih now tairly well established. It follows that, 
provided we know the rate of production of lead per annum 
from one gram of uranium, and the amount of lead and 
uranium now present in a primary uranium bearing mineral, 
it is possible fioin these data to find the age of the mineral, 
and thus of the igneous rock from which if has crystallised 
This method ot del ei mining the age oi minerals waB used by 
Uolmes 1 in 1911 tor minerals ot Devonian age, and results 
for older minerals weie given from data provided by 
Boltwood. J The expression used by Holmes in the age 
Pb 

determination is--x 8,200 xlO 6 , this giving the age in 
years. 

The decay of uranium follows an exponential law (see 
Graph 1 ), so that the rate of disintegration at any time is 
propoitionnl to the amount of uranium piesent at that 
instant. Now during the time succeeding the formation of 
u uranium mineral, the quantity of uranium ^present, and 
hence also the rate of production of lead continuously 
decreases. Consequently, knowing the quantity of accu¬ 
mulated lead, we cannot use the initial or present rates of 
production of lead per annum in determining the age of the 
mineral, us these are respectively too large and too small, 
and result in deficit or excess ages. It therefore becomes 
necessary to use*a mean value of uranium content corres¬ 
ponding to that rate of disintegration which, if continued 

' Holmes, Proc. Boy. Soc. A. t 1911, vol. 85, p. 248 

1 Boltwood, Am. Jour , Sc., 1907, p. 77. Bee also A. Holmes, «* The Ago 
oftko Earth* London, 1918, pp. 157-102. 
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uniformly throughout the period concerned, would give the 
existing quantity of lead. This mean quantity of uranium 
is (‘ailed the ** Time-a\eiage Value,*’ and may l>e repre¬ 
sented by U». 

In his calculations, Holmes used the arithmetic mean 
between the initial and present amounts as an approximation 
for the time-jvernge value of uranium in the mineral. It 
seemed woitb while t6 investigate the error so involved, and 
the present woik was undertaken with this end in view. 



A mathematical expnibsion for the true time-average of 
uranium can be obtained as follows, where 
U # =- original uranium content. 

U,-=»amount of uranium remaining after t years. 

A =* disintegration constant of uranium. 


The amount of uranium disin- | ^ — U fL) 

tegrated in t years. ’ 


Also, using the value of the rate of disintegration corres¬ 


ponding to the time-average value of uranium, we hat* 
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Total Tlisiniegration in / yearn 



* X, U m* t * i • • • • ( 

Now (i.) and (ii.) are equal, whence 
U, U, = x U m t 

Or, Time-Average Value ot Uranium (U#,) = — 


Calculations bused on this formula indicate that in general 
the time aveiugo value of uranium is less than the arithmetic 

mean value, — The difference, however, is quite 


inappreciable except over extremely long periods of time, 
und from the table of results which follows, it will be seen 
that the error increases fairly regularly with the time. 


Table or Results. 


I 

n 

m 

IV 

1 V 

r in 10" yours. 

Vtf u# 


Uam U# 

Fsctor 

IT / 

— _ _ 

0 

1-000 

1-000 

1*000 

1-000 

30 

0-906 

0*998 

0*998 

1*002 

70 

0-900 

0-006 

0*996 

1*006 

100 

0086 

0-993 

0*993 

1*007 

200 

0-972 

0*986 

0-986 

1-014 

600 

0 033 

0*966 

0-966 

1*036 

800 

0 806 

0*946 

0-947 

1*067 

1000 

1 0-870 

0-934 

0*936 

1*074 

1200 

0-847 

0*922 

0*928 

i 1*069 

1400 

1 0-824 

0-909 

0*912 

1-103 

1000 

1 0-801 

0*897 

0*900 

1 1*120 

1800 

0-770 

0 886 

0-889 

1 1-136 

2000 

j 0-768 

0-874 

0-879 

L ,1M 


It will be noticed that for a period of 2,000 million 
years the error involved by using the arithmetic mean con¬ 
tent of uranium in the mineral barely exceeds one-half per 
cent. This introduces a corresponding error of one-half 
per cent, in the age of minerals of the order 2,000 million 
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years. A further indication that Holmes’ assumption is 
justified is to be found in the tact tlial the part A H of Graph 
I. 3 is practically a straight line Thus the rate ot decay ot 
uranium alters very little during so long a period as two 
thousand million yeais 

In the above table, Column IT. represents the proportion 
of original uranium remaining after a time t million years. 
Columns III. and IV. lepiesent respectively the relative 
time-average and imthmetie mean values of uranium for the 
times indicated. The last column gives the time-average 



factor, /.<*., that factor by which the present uranium con¬ 
tent of the mineral must be multiplied m older to obtain 
the time-aveiage value. Graph II. has been obtained by 
plotting this factor against time. 

We may now consider three possible methods of apply¬ 
ing the results hitherto obtained in the determination of the 
uge of minerals. The first of these is the method used by 
Holmes, and possesses the advantage of quick application. 

(1) The disintegrated uranium is regarded* as going to 

1 Graph L has been plotted from the relation U/ = U# . e "**. The 
half period value of uranium, t.e., the time required for half the original 
uranium to disintegrate, u 0,000 million years, whence the oonstaut A can 

readily be shown to be grams per grain per annum* 
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form helium and lead according to the relation 

U->8He + Pb . 

23S 32 206*5 

Whence we have 

V , - U, = 8 He + Pb. 

sc 1-lfi Pb (numerically). 

This is the exptcsHion used by Holmes in the publication 
cited, and from winch he readily derives 

!kJ-^ = U / + *676rh 

= arithmetic mean value of uranium. 
From the result so obtained /he age of the mineral can bo 

Pb 

found by direct substitution in -p x 8,200 x 10°, or, assum¬ 
ing IT** = IT*,, by first finding the value of for the 

mineral, and then referring to (finpli IT 

(2) Otherwise, an idea as to the correct oider of magni¬ 
tude of the age would first of all be obtained, using the pre¬ 
sent uranium content By reference to Graph IT. the factor 
corresponding to this age mild be obtained, and hence the 
time-average value of uranium for the mineral, which would 
lie used to give the more uccurntc time measurement. 

(3) Obviously, the most umnnte procedure would be to 
use the arithmetic mean value of uranium to give the approx¬ 
imate ago of the mineral; then from the graph obtain the 

factor corresponding to this age, this in turn leading 

to the more correct time estimate. For minerals of age about 
400 million years, these last two methods give the Bame 
result, whilst for minerals whose age is about 2,000 million 
yeurs, the error involved t by use of the former method 
amounts to less than one per cent 

Since the present paper deals with what is found to be a 
small correction in the radio-active method of determining 
the asre ot minerals, perhapw n brief consideration of other 
sources of error is justifiable at this juncture. 

It is held by many workers in the field of radio-activity 
that most of the lead dealt with in the present method is 
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( original' and not produced leid Undoubtedly lead 
enters into the composition of many of the secondary 
uranium minerals and it is owing to this fact that caieful 
judgment must bo evercistd in the selection of minerals 
wherewith to deteimine iges I he minerals must he fresh 
stable rind primary minerals unhl ely to contain much 
origin tl le id The load caught up in the mole ular net 
work of a crystal dming its giowth would piobabK vary 
gieatly from mineral to mine i tl ind hence wc would expect 

Pb 

the mtio for different minerals fiom the same magma 

to diffei Th it no appiccnble \ irntie n exists was <lenrl> 
shown by Holmes (/ t € t ) m Ins in il\scs of Bievig mineials 
fiom the same igneous intrusion W e cm but conclude that 
ni least in this c mo the on^in il le id is insignificant 
compiled with the produced leil Moreover the exces 
sively high ips given b\ m my lmneials is piobibly due 
not so much to the ougin il had pesent is tc the f i t that 
in the weitheun^ of i minti il leal would less retdily be 
removed than urinium this le iling to excessive ratios of 
lead to minium Such minei ils would ^ive ntios out of 
keeping with the re ognisrd se ile of time inel nninedntelv 
arouse suspicion is to then suit ibilit\ for i^e determinations 

Owing to the probability tint the whole ol uranium is 
not transfonned ilong the urinium lead senes it would 
appear that the ictml qu mtity of minium 4 estimated is 

In determinations of uranium by the solution method which wu used 
by Holmes it has been mentioned by Toly {/ hxi \faq 1012 xix p 605) 
tnat owing to adsorptioi or precipitati n the estimated amount of uranium 
would be expected to be too small This point is emphasise 1 by oompaiiaon 
of the results for rooks of the earth s crust by the fusion an 1 solution methods 
of determination of uranium Kve and McIntosh (/ hil Mag 1007 xiv 
p 287 Proc Hoy Soe ( inala 1010 3rd senes p 67) have investigated the 
effect of foreign substances on the amount of emanation obtained from a 
radium solution, and their results together with those <t Strutt seemtoindi 
oate that at least in the case of the minerals used by Holmes error due to 
this cause must be very small when the melt is dissolved in hydroohlonc acid 
In the event of any suspended particles or foreign mattei in the emanation 
flask it is fairly oertam that contamination of these with the radium present 
in solution would result in partial occlusion of the emanation and a resultant 
deficiency in the estimated quantity of uranium In the case of minerals of 
relatively large uranium content it would thus seem advisable to check the 
determinations of uranium by a purely chemical method This procedure 
would immediately expose any such deficiency 
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too large for the age calculations. It seems certain that the 
actinium series exists as a beam li series and Rutherford* 
has call u la ted that approximate^ eight per rent, of the 
uranium is thus used up. Unless the end product of the 
actinium series is also lead, it xxill he necessary to await 
accurate determination of the above piopoition before cor¬ 
rection can he applied to the uranium estimate. That any 
other appreciable sub-series exists is hardlv likely owing to 
the small range the alpha puvtides of any such series must 
have in order to have so far escaped detection. Re it men¬ 
tioned that the effect of the presence of sub-senes in the 
main disintegration seiies’of uranium is to make the age 
of minerals a** determined by the radio-active method too 
small. 

Finally, since the oldest geological formations pro- 
hal>I\ do not exceed 2,000 millions of years, it is sufficient 
to use the arithmetic mean content of uranium of a mineral 
instead of the true time-average value, the error involved 
for this age amounting only to one-half per cent Moreover, 
correction of this error tends to increase the age estimate. 
Referring to the other sources of erroi in resjiect to the 
load and uianium values previously discussed, it would 
appear that the piohability ot the actinium sub-senes will 
involve by far the greatest correction. The nett result 
of these corrections then, is to make the present radio-active 
age determinations minima On the other hand, Professor 
Rutherford* has suggested that the> will be maxima, owing 
to the possibility of deposition of some lead during the 
formation of the mineral. Estimation of this last quantity is 
not possible, as it is moBt likely widely variable with differ¬ 
ent minerals. From previous considerations, however, for 
primary uranium minerals it would hardly seem probable 
that in general this error would annul the counter error due 
to sub-series in the uranium disintegiation senes. 

* Rutherford, Radtoactivf Suhxtancen and their Radiation*, Cambridge, 
1913, p. 628 

• Rutherford, ibid ., p. 698. 
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Ioniz ation in G aseous Mixtur es by Rontoen 
Radiation. 

By Lkwib Simons, li.Sc., (Lond.). 

[Read Deoember 9th, 1912.] 

In' i rod i cno*v. 

The process by winch a pas ir rendered conducting during 
the passage of Uontgen Rays lias been investigated by many 
experiments during recent years; the investigations have 
thrown much light ujK>n pioblems relating to the constitution 
of matter. 

For this work the direct heteiogenemis primary beam of 
X-rays emitted from the anti-cuthode of an X-iay tube cannot 
be employed, but this beam is allowed to fall upon a plute of 
some element *hich then usually emits both u scattered 
heterogeneous radiation and one or moie radiations homo¬ 
geneous in character. In the case oi carbon, for example, 
the scattered radiation completely masks the homogeneous 
beam if this exists, whilst in the case of silver the scattered 
radiation can be cut off by passing the secondary beam 
through u sheet ol aluminium 6 mm thick. The secondary 
radiator will not emit its characteristic radiation until the 
primary beam contains radiation harder, i c., of shorter pulse 
thickness, than the homogeneous secondary radiation 1 
emitted by it. It has been shown 2 that under certain condi¬ 
tions when this secondary homogeneous beam traverses a gas, 
an element of the gas itself can be made to emit a fluores¬ 
cent radiation characteristic of that element. The same 
remarks apply also to this tertiary radiation, vi*., that the 
exciting secondary radiation must be harder, by Stokes’s 
Law, than the excited tertiary nuliation. The emission of 

1 In reoent «ork this hat been called the primary beam. 

J Barkla, Nature, 1909, hxxx t p. 187. 



34 


this radiation by one of the gaseous elements is accompanied 
by an increase in the conductivity or ionization and a conse¬ 
quent increase in the absorption of the secondary radiation 
exciting it. 

All bodies when exposed to llontgen rays emit a secon¬ 
dary radiation independently of the physical conditions of the 



body: that the gaseous atom of bromine or iodine emits the 
same definite spectral line of X-rays os tho solid atom, has 
been shown by Chapman, 3 his secondary radiator being a box 
with an aluminium window, containing the vapours of ethyl 
bromide or methyl iodide. The penetrating power of the 
secondary radiation from these vapours was found to be 
identically the same as that from the solid compounds of 


• Phil Mag., 1911, xxi., p. 446. 
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bromine or iodine. It is during the emission of this charac¬ 
teristic radiation in the vapour itself that the ionization rela¬ 
tive to some simple gas, air lor example, shows such a marked 
rise. The fluorescent radiation is thought to produce what 
has been colled an electronic radiation. 

Description op Apparatus. 

Fig. i. shows the general arrangement of the apparatus. 
The X-ray tube itself is surrounded on five sides by a box 
covered with lead 2‘5 mm. thick, and the primary beam is 
allowed to pass out from the front of the box through an 
adjustable lead slit S. The secondary radiator R is put in 
the path of the beam. Any instrument placed behind another 
lend screen os shown, will receive none of the primary radia¬ 
tion, but only the seeondaiy radiation from the plate R and 
from the air included by the beam of primary rayB. 

The ionization chamber consists usually of a cylindrical 
box—in actual experiments chambers 1, II0, and 13 cms. in 
length were employed which it* closed at the incidence end 
by a thin aluminium window, the other end being covered 
with aluminium plate or paraffin wax Now the incidence of 
X-rays upon metals causes them to emit corpuscles, compar¬ 
able in every way to the photo-eleetnc effect, and since it is 
necessary to simplify the already complex phenomena in the 
ionization chamber* this is lined with aluminium foil which, 
being of a low atomic weight, emits but a small corpuscular 
radiation under the influence of X-rays The aluminium wire 
electrode inside the ionization chamber is connected to the 
leaf of a simple gold-leaf electroscope of the Wilson type. 
E t is a second clectioseope, the incidence fare of which is 
covered with very thin aluminium foil. Ej is a third electro¬ 
scope which can be employed for finding the absorption coeffi¬ 
cient of the secondary radiation in the gas or vapour con¬ 
tained in the ionization chamber which must then be adapted 
to this special purpose. The movements of the gold leaves 
are observed by low power microscopes containing eye-piece 
micrometer scales. The voltage of the leaves is not allowed 
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to fall more than a very small fraction of the total voltage to 
which they are charged; thus it is correct to assume that the 
ratio of the deflections of E a to Ej gives a measure of the in¬ 
tensity of Hie ionization in the ionization chamber, since the 
conditions of the electroscope E, are not altered throughout 
the experiments. This standardizing electroscope E a only 
becomes necessary because of the impossibility of obtaining a 
steady source of X-rays and consequently an equally steady 
source of secondary rays. Finally to the inlet tube of the 
ionization chamber is connected a mercuiy manometer and 
the necessary apparatus for making or supplying the gas or 
vnjHHir to be experimented upon. 4 

It should be noticed in passing thut the term “ ioniza¬ 
tion ” does not necessarily mean the ionization as it is 
observed in the apparatus, but the effect obtained in a layer 
of gas 1 cm in depth exposed to a radiation of uniform in¬ 
tensity throughout. Shallow layers of gas will uetuully be 
exposed to a more intense radiation than deeper ones. 

The relative ionization of a gas in a chamber of length 1 


is given by a in the expression 

•a 



i fl 


P 


K 

e ~ 


in which ^ is the observed relative ionization, and A* 

are the absorption coefficients of the X-rays in the gas and 
air respectively. This correction is quite appreciable except 
where very short ionization chambers of the order 1 em. in 
length are employed or where the absorption coefficient in the 
gas is extremely small. The magnitude of the correction is 
Bhown by the following figures (Table I.). 


4 It will be Men that a new method of investigation has been introduced. 
In the work previously attempted the vapours were never experimented 
upon when pare, but when diluted down to atmaepherio pressure with some 
other gas. 
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Tablb I.—Ionizing Radiation . tub Pluobkscbnt Radiation 
fboh Coppbb. 


Uu 

Ion land 

Length of 
Cumber 

Ab*or)<k>n 

Cot IT 

Olairvudltel 

Ion location 

I Rel Ionl/mtion 
Cum*UU for 

Ahtnrptina 

SO f 

US cm*. 

•134 

_ 

6*0 

11*1 

Air 

11*6 cm*. 

•0109 

1 

— 



In a ioeent papoi by Piofessor Park] a and my well 5 results 
are given of ionization experiments with tlie gases, air, H a , 
O a , CO a , H a S, SO a , and with the vapours of C a H ff Br and 
CU a I In this pajier some further experiments are described 
on mixtures of some of these. Various penetrating powers 
of the exciting secondary beam were employed in order to 
find the relationship between cuthode and X-ray lomzution 
when the gas is excited by X-rays harder than the character¬ 
istic radiation from one of the gaseous elements. Estimates 
given by various expenmenters of the ionization due to 
corpuscular radiation range from none to even all of this 
total ionizution. The difficulty arises out of the impossi¬ 
bility of separating the direct, from the cathode ray, or 
indirect, effect. 


Problems in Ionization. 

1. The absorption of X-ruys has always been found to be 
atomic, i.r ,, the same number of atoms, no matter how they 
may be combined, will absorb X-rays to the same extent. The 
absorption of X-rays represents an absorption of energy. 
Ionization and the emission of a characteristic and a scattered 
radiation are the only manifestations we are aware of at 
present of that energy. What, then, is the relationship be¬ 
tween ionization and absorption; more particularly is ioniza¬ 
tion purely atomic ? 

2. By what mechanism is the ionisation and absorption 
1 Phil . Mag., 1912, xxiii, p. 317. 
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increased when an (dement of the gas ionized begins to emit 
its own ehnrnctenstic radiation ? 

3. If this radiation produces cathode particles, Jiow much 
of the total ionization is due to those? 

KxPMtIMENTAL Uh SILTS 

To the first question n peifectU definite answer cun be 
given. Ionization is not an atomic phenomenon. The ioniz¬ 
ation in a mixtuie of S0 a and H a in equal parts was com¬ 
pared with that in u mixture of H 3 S and O a in equal parts. 
In these mixtures we have the same number of atoms of O a , 
H a and S t hut diffeientl> combined The absorption of 
X-rays in the two rmxtuies will therefore be equal The 
ionizations produced were not equal 


Tablk II. Iosizino Radiation • titic Fluorescent Radiation 
from Silver. 


Length of 
lonlrHtion Chamh 

<>M loill/ftl 

0nmx.ua Iooi/» Uon 
HoUUre to Air 

Ahmrptlon Coeft 
kt 76 toil Crma 

1 J 5 OIDS. 

Air 

1 

00077 


njs 

ififl 

•0060 


so. 

12 9 

•0070 


H^h 0, 

8-66 \ Ratio = 

-0030 


80, + H, | 

7-4 J 117 

0030 


It will bo noticed fiom Table II . 11 that the pure gases H a S 
nd S0 a are ionized in the reverse order of their absorption 
•oeffieients, and even in the last two experiments in which we 
secured equal absorption coefficients, the ionizations were 
still unequal. The questionable atom m this case is the 
sulphur, for under the stress of silver X-rays it must be 
radiating, let us suppose, a fluorescent and a corpuscular 
radiation, from results described later it appears that this 


Barkl* and Simons, toe. ct*. 
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corpuscular radiation is responsible for an equal number of 
ions in both gases if it be tothlly absorbed in the surround¬ 
ing gas. The fluorescent radiation from the sulphur would 
probably produce a greater ionization in the oxygen than in 
the hydrogen, so that to account for ihe greater ionization in 
H a S we are left with tbe i>osflibility that the fluorescent 
radiution from the Ii a might ionize S more than that from 
O a . If all the radiations from H a , O a and S be absorbed 
equally in the mixtures of II a S and O a , SO a and H a , equal 
ionizations should be produced, but the greater ionization 
in the former mixtuie may be due to the fact that the soft 
fluorescent radiation from the TT a might ionize its combined 
S atom more than when the S utom is combined with () a . 
Apart from these considerations we are bound to say that 
ionization is not atomic. 

Ionization in Ethyl Hromtoe Vapour. 

The vapour of ethyl bromide at its saturation pressure 
at 0°C, which is 10*6 cms. of mercury, is ionized by copper 
X-rays about eight times as much as air at a pressure of 7G 
cms. of mercury, and by silver X-rays more than forty times 
as much us aii. Mixtures of ethyl bromide and other gases 
were therefore ionized with silver X-riys, in order to see 
whether a relatively large number of molecules of a less 
active gas could materially affect the radiation from the 
bromine atom. Very little effect in this direction could be 
detected. In these experiments the ionization chamber was 
exhausted by means of a filter pump, and whilst the pump 
was still funning, connection was made by opening a tap 
between the chamber and a small vessel containing a quan¬ 
tity of pure liquid C a H 5 Hr Thus the whole of the residual 
gas could be swept out of the chamber, which could then be 
filled to any desired pressure with the vapour up to the sat¬ 
uration pressure at the temperature of the room. The ioniza¬ 
tion of the pure vapour was first determined, after which a 
quantity of another gas was allowed to pass into the cham- • 
ber and the ionization redetermined. In no case was any 
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striking anomalous effect observed; in every ease tbe ionisa¬ 
tion of the ethyl bioinide when diluted was nearly the same 
UN when pure 


Tabis III— loNi/iNi* Radiation Tit* Kiajohjwcznt Radiation 
khom Silvsh 


TjMtgth of 
t tanher 

1 

1 Mixture lomxwl 

Bel Ionijr*tiOQ 
Oorrsr Ufd for 
Absorption 

IonLxatlon of 

lonlntlon duo 
to C, H, Br 

13 0010. 

1 U.H.Br 44m 

144 + 0 

38*1 

0 

38 1 


lf + H, 48 8 emu. 

302 

0*0 

35-3 


1 „ +80,48 8 „ 

42-8 

7'4 

86-4 


M + H J S48 , S ,, 

46*0 

9*8 

86-2 

__ 


It is apparent from the figures in column 5 that the 
ionization m ethyl biomide alone is* always slightly greater 
than wdien the vapour is mixed with another gas, after the 
ionization due to the gas has been subtracted from tbe total 
effect. The magnitude of this fall is not very marked for 
two Hucb dilteient gasps as hydrogen und sulphur dioxide. 
These results could lie accounted for by tw r o theories: (1) that 
there is no cmpuHcular uuhation trom the bromine at all, 
(S) that if there he a cathode radiation from the bromine, 
its ionizing effect is the Name in IIj, S0 2f H a S and even in 
<\,H 5 Br itself for complete absorption; and it would be • 
completely absorbed in the dimensions of the gas chamber, 
except at the margins. Although tbe actual presence of a 
cathode radiation has not yet been shown experimentally, 
tbe tinst theory is not so tenable as the second, since we do 
know that the bromine h emitting X-rays, which has 
always been associated with the acceleration or retardation 

ot a corpuscle. 

The ubove results suggested a further series of experi¬ 
ments in which varying quantities of tht gases were mixed 
with a standard quantity of ethyl bromide vapour. The 
results are shown in Table IV. 
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Tabdh IV.—Length or Ionization Ohambnb - 13 cma Adominidm 
W Of DOW AND END. SlLVBB RADIATION 


Partial _Pma a 0 / 

Obaerrod Ionisation 

Corrected Io&uatinn 

loniaatiuQ doe to 

C.EUBr and 

H, Air or HO, 

of C a HfcBr and 

of and 

CktUBrln 


H. Air HO. 

H. Air BO, 

H, Air SO, 

6*4 f 0 

11*4 11*4 11*4 

12 2 12-2 12-2 

12-2 12-2 12-2 

„ 4 20*3 

10*9 11*3 13*6 

11-6 12*2 14*8 

11*6 12*0 12*2 

„ + 40*8 

11 1 11*2 15*7 

11*9 121 17*2 

11*9 11*7 12*1 

„ + 61*2 

108,11*6 18*0 

j 11*6 12*7 19*9 

11-5 11-9 12*2. 


Ionisation at 76 oma preaaure of H B ~ *04, Air -1*0, SO, = 9*6. 

AfXOyHtBN- H, - *00142 pcjH&r + 0x Jiff, 
v A*Xc f H*Br+Alr = *00142 pOjU.Br + 0 00001 PAir 
AsXr t H.Br+BOj = *00142 7>T s n*Br + 0*00014 P BO, 

The numbers in roluinns 2, 2 and 1 are the ionizations 
in the mixtures relative to the ionization in air at a pressure 
of 76 cms. of mercury. Column 11 has been obtained from 
column 2 by using the absorption coefficients found from 
the above three expressions deduced from the results of 
Barkla and Collier; 7 p is the partial pressure in centi¬ 
metres of mercury. The last column was obtained from 
column tl by subtracting the corrected ionization due to the 
H 9l air and NO a respectively. It will be noticed that in the 
case of hydrogen no quantity has been subtracted; this is 
because the ionization in hydrogen even at atmospheric 
pressure is quite inappreciable compared with that in 6*4 
emu. of ethyl bromide 

From the constancy of the results in the last column, 
even in cases where there was a greater percentage by 
weight of S0 2 present than C a H fl Br vapour, we can say that 
the cathode radiation from bromine produces the same 
number of ions in C a H a Br, H a , air and SO a and probably in 
any gas for the complete absorption of its energy: for let us 
suppose that the ionization in S0 9 by cathode rays is very 


1 Phi/, A/ap.» 1912, xxm, p. 997. 
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much greater than in TI a for complete absorption, a very 
much greater variation than fiom 12 2 to 115 would have 
been obtained tor the ionization due to (»4 emu. of O a H 5 Br 
togethei with, m the first rose, f>l 2 (ms of S0 3 , and in 
the second case, 01*2 cms. of IIj In the former case we 
have by far the greater purt ot the cathode rays absorbed in 
S() 2 , whilst in the latter it is piuctically all absoibed in the 
CglluBr* 


IoMZAIION HY t'ATlIODK Ua\S. 

We 8 made a flat bo\ loni/ation diamber S cms. square 
and 1 cm. deep The faces weie of cut cuibon plates 16 
mm. in thickness which, in one part of the expel mien t, 
were covered on the inside with ordinaly gold leaf. The 
ionization produced in the continued gas when the interior 
faces were ot cuibon was due to the X-iudiution chiefly, but 
when of gold to an intense cathode radiation emitted by it 
when subjected to a beam of silver X-rays. 


Tabli V.—CoaruscuLAH Ray Ionisation. 


Ou 


Oban-Twl loot/at Ion 

Ol*en ed Inn ix»l Ion 

Iooi7*Uon due to 


Carbon Rod* 

Gold Kndi 

CorpuK uUr RadJathm 

HJS + Oj 


638 

15 7 

9*32 1 




> Ratio=120 

80,+H, 


B-74 

13 5 

7-76 \ 


If the cathode tudintion fiom the gold wus absorbed 
equally in the two mixtures, then the ionization produced 
was prncticuly the same us that pioduced by any type of 
X-rays On the other hand it should be pointed out that 
Kleeman® lias obtained results for the relative total ioniza¬ 
tion produced wdien cathode lays from gold are completely 
absorbed in widely differing gases, these relative total ioniza¬ 
tions differ by a small amount, 

* BnrkU and Simons, loc . eit. 

* Proe . Roy* 8oc* A 1010, vol. lxxxiv, p. 21. 
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Owen, too, hu« shown 10 that the total number of ions pro¬ 
duced by homogeneous beams of X-rays of equal intensity 
is the same in the ffases ( + O a and NO a for any particular type 
of rays. Exactly the same remarks apply to the ionization 
by the a particle We see therefore that cathode rays 
possess many properties similar to those of X-rays. 

If we assume that all the ionization in C a II a Br is direct, 
we should huve to suppose that 40 molecules are ionized 
during the passuge of silver X-rays relative to air, to 8 dur¬ 
ing the passage of copper X-rays. 

If the total absorption of cathode rays produces the same 
number of ions in any gas, / t , if the total ionization due 
to u corpuscle is proportional to the number of collisions 
with sunounding molecules and not dependent on the nature 
of the molecule struck, we nrrivq at u satisfactory expression 
for the ionization pioduced in a mixtuie under any conditions. 

The ionization in a mixture of CjII a Br and another gas 
when no fluoroscent X-ray spectral lino is emitted by any 
element of it is proportional to 

*1 (*>!/*, + 

in which p i and uie the ionizations relative to air for the 
C fl R a Br and gas respectively, for the same expenditure of 
X-ray energy, k x and k 3 , are the mass absorption coefficients, 

and are the masses of C 3 H a Br and gas per c c. 

The ionization in a mixture when cathode ray ionization 
is present is 

k x m x iii + k 9 & s p t + 

since the number of cathode particles produced will be pro¬ 
portional to k x »i and one cathode particle produces n ions 
in any gas. This expression is strictly additive and will 
account for the results in Tables II. and IY. In Table IV., 
column 4 is represented by this expression without the 
term, it is therefore constant if », is constant. 

" Proe . Roy. Soc . A. % 1912, voL Ixxxvi, p. 438. 



Si MMARY 07 ItKhUI.TS. 

* 

In thin paper some farther experiments are described on 
ionization in gaseous mixtures under a new variety of con¬ 
ditions. 

Ionisation by X-rays is not an atomic phenomenon such 
os is the absorption of X-rays. 

Tf a large amount of the ionisation in u mixture of ethyl 
bromide and another gas is due to a corpuscular radiation 
from the bromine, tlie ionisation produced by the total 
absorption of these corpuscles is the same in any gas. 

Corpuscular rays or cathode rays possess many properties 
similar to those possessed by X-rays. 


My heartiest thanks aro due to Professor Stroud who has 
afforded mo every facility for carrying out this research. 
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On the Synoptic Aspect op Reaeity. 

By J. Theodore Meu/, Ph.D,, DC L, LL.D. 

[Read February 6th, 1913.] 

In a paper which I read some lime ago before this 
Society I dwelt upon n general tendency of philosophical 
thought during the latter part of the nmeteeuth century. 

In the third \ohune ot the “History of European 
Thought ” I have, in several pussuges, referred to this 
tendency of thought and 1 shall have still fuller opportun¬ 
ities to do so in the fourth volume which is now in piepara- 
tion. 

In writing the History of Thought duiing a eeitam period 
it seemed to me essential to settle in my mind two points: 

First. Befoie a review of the whole subject of Philo¬ 
sophical Thought could he attempted it seemed 
important to fix, as it were, the position in time 
and thought from which u survey could be made. 

Second. At the end of the survey or the narrative it 
would he desnuble to bring out, if possible, some 
definite aspect or aspects on which the various 
couises of thought uppeured to be converging. 

It is inevitable that the fixing of these two definite 
points would be, to n large extent, subjective; for the writ¬ 
ing of history is much moio of an art than of a science. How¬ 
ever, as in every other art, a large amount of science in the 
form of method, knowledge or erudition is wanted, so also 
in the writing of history a large amount of scientific prepar¬ 
atory work is required; and yet such, be k ever so complete 
and thorough, would remain unsatisfactory if the artist or 
writer did not choose u definite position from which to 
survey the whole of his object or did not bring into focus 
the image which it had produced on his mind. 

So far as the first point is concerned, the selection of a 
position from which to moke my survey I have, for reasons 
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which to some extent are personal, chosen the middle of 
the century as n convenient position from which to look 
backward and forward, and I have identified this position 
to n large extent, though not altogether with the name of 
Lotze. I have indicated this in the early part ot the third 
volume and followed it up in subsequent chapters. 

The second point should naturally be brought out with 
greater clearness at the end of the forthcoming volume 
which should close the History of Philosophical Thought. 
Innsmuch, however, as I have hud to depart from my orig¬ 
inal intention of publishing the two volumes together, I 
have felt the necessity of anticipating, in the interest of 
my readers and cutics, something of what really belongs 
to the dosing chapter of the second section, i.e., vol. 4. 
1 may here state at once thut, when unswenng the question 
us to the general outcome or tendency of the philosophical 
thought of the century, I shall have, in many points, to 
leave behind me the position taken up in the course of the 
exposition and show that we seem to ha\e more recently 
got beyond the position and the formulas of Lotze. 

In this paper then I do not propose to identify myself 
with the Lotzian aspect in the same degree as T have 
thought it advisable to do in the History, but rather to 
bring out that tendency which is more clearly revealed only 
in the latest speculations, and this peihups most promin¬ 
ently in this country, though the first indications of it ure 
to be found independently in the philosophical literature of 
the three countries in which I am more immediately inter¬ 
ested. 

In the paper I refer to I desired to elicit the opinion of 
my hearers and readers us to a definite tcim under which 
to designate the tendency I had in view. Immediately after 
writing it I came across a term in an early tract of Auguste 
Comte's which, though I had, both there and in some of 
Mill’s reviews, read it before, had at the time not impressed 
me with its value and importance. The term used is the 
tnaemble of things and Comte distinguishes the vue 
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d*ensemble and the esprit d % ensemble from the vue and 
the esprit de dHatL The German language can trans¬ 
late this as: Das Ueisammen, the literal translation into 
English is what 1 used in the paper referred to, the 
“ Together ” of things; however, my friend, Prof. Sorley 
of Cumbridge, has in correspondence suggested to translate 
the vur or esprit d'ensemble by the term “the synoptic aspect,” 
and this I have adopted, as will Ive seen in various passages 
of the volume just published 

The aspect which I want to bring out, and which we will 
call the synoptic asjiect, has fwo sides in the same way as the 
words “view,” “sight,” “sensation/* “perception,” and 
their synonyms in French and German have an objective 
and a subjectnc side with an equal or an unequal emphasis 
on the two sides. We may speak of a “view” or a “sen¬ 
sation ” meaning a definite thing or object and we 
may use the same terms denoting a subjective state 
or activity Of all the teuns which may be employed 
in the three languages, combining the two aspects which I 
refer to, the German wonl Ansi /tainmi/ is probably the most 
expressive and in its tuilhor definition as Gisammt - 
anschamwg it is probably the best equivalent to the Greek 
word which I have ndopted, vir., Synopsis, and to the French 
vut d'uisimblc . 

Buskin has, in a remaikable passage at the clo*e of the 
third volume of “ Modem Painters,” used the word Sight in 
this sense, but his remuik has not received the attention nor 
the word Sight the currency which I think they deserve. 

In my former pai>ei I dealt with the ensemble or 
“together” of things in the objective sense. I there main¬ 
tained what had already been suggested by Goethe on 
various occasions but notably in a remarkable passage in 
his well-known treatise “ On the Metamorphosis of Plants ”; 
that the things of nature in their natural “together” as they 
are presented to us contain something and impress our mind 
in a way which is destroyed by the scientific process of 
analysis .and not reguined by the scientific process of 
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synthesis. With this in view I now propose to contrast the 
process of synopsis with the combined activity of the analy¬ 
tic and synthetic processes. 

I also mentioned one reason why scientific oi logical syn¬ 
thesis does not succeed in recovering the position from which 
analysis started. This was the fact that analysis can never 
be complete and that, in consequence, synthesis always 
starts, as it were, halt-way. As analysis can never retch 
the end so synthesis can never find and start frdm the 
beginning. What this something is which we lyse in the 
process of uiuilysis and cannot regain by the process of syn¬ 
thesis, that something which is giveti to us in synopsis, is 
difficult to say—peihaps it is impossible as any attempt to 
give it expression would ha\e to be carried out in terms of 
language and this if self originates in a combined analytic 
and synthetic process The only way of getting at this 
something is to look at the thing, to contemplate it, to gain 
a synoptical view, the (remmmtan^rhmnunf ; this, I need not 
specially observe, is pre-eminently the work of the artist. 

But it is not the artist alone who relies moie exclusively 
upon synopsis. Many of the great discoveries in science 
have originated in quiet observation and contemplation, 
perhaps even in an artistic rendering of things natural. A 
friend of mine, u distinguished Professor of Biology in this 
Pniversity, told me only the other day that, when resting 
during his holidays from the analytic work of his laboratory, 
he takes to the brush through it to commune with Nature. 
Now although it is impossible to stute in words, or nt least in 
prose writing, what that something is which is revealed to us 
by Sight and which we cannot fully grasp by the scientific 
processes of analysis and synthesis we may yet point to cer¬ 
tain results which are occasionally gained by naturalists 
when they give themselves up to the contemplation of, and 
the communion with Nature, and which must be greatly 
assisted by the artistic faculty. They see definite things 
which they did not see before and they see relations of things 
which did not occur to anyone before them. It will at once 
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be seen that in both these eases Sight has led through 
attention to clearer definition and to new combination 
resulting perhaps in a scientific synthesis The former pro¬ 
cess of clearer definition muy be termed a differentiating or 
analytic process and a great part of the work of science and 
its advance consists in fortifying the human mind so that 
it sees more clearly and distinctly. This does not refer only 
to the fortifying of the physical senses of seeing, hearing, 
etc., but also to what we term feeling and, in general sensi¬ 
bility, both of which can be made more acute and efficient 
by education and practice and, in general, by what we call 
culture. 

I now wish io direct attention to the subjective side of 
our sensations. The commonsenso view sees in sensations 
such as, e,g>, the sensation of a colour, two things, the out¬ 
ward existence of the colour and the subjective perception 
of colour This view, this duplication of something seen 
and the seeing of something cannot according to a modern 
school m Psychology — be maintained At the moment of 
perceiving the perceived and the perceiving are identical. 
It is somewhat difficult clearly and fully to grasp this truth, 
but it seems to me to be fundamenfal and has, T believe, 
only clearly been brought out in the course of the last fifty 
years by psychologists such as Mach, Renouvier, James 
Ward, Shndworth Hodgson and otheis. Without wishing to 
identify my own way of expressing this fact with the exact 
manner in which any other psychologist has stated it, I may 
merely say that as an historian of thought I have been 
influenced by the statements, remembered or unremem¬ 
bered, of many other thinkers. 

For my present purpose it is unimportant whether we 
take up the commonsenne view implying a duality between 
the outward thing and the image corresponding to it in the 
soul of the observer or whether we adopt the modern 
psychologist’s view according to which there is only one 
original datum, via., what Ward and others term the 
w presentation” or “sensory” continuum. Both ways of 

4 
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approaching the psychological pioblem have their special 
difficulty Tlie first or dunlistic view, which is udopted in 
an extreme form m psycho-physics, lias to answer the ques¬ 
tion : How do the external object and the internal sensation 
correspond ? It has, as it were, to bring together, to con¬ 
nect somehow, the two data with which it starts The 
other, or monistic view, which in an extreme form is repre¬ 
sented by Ernst Mach, hut was suggested already but 
not carried through by Hume, has to answer the question: 
How does the one onginal datum, viz , tlje presentation 
continuum, come to he separated into the inner world and 
the outer world. 

And here I may lenuirk that, leaving out ot considera¬ 
tion the special difficulties, both jioBitions. though perfectly 
legitimate, commit a mistake if either of them start with 
the assumption of definite isolated things or definite isolated 
sensatious Such nevei exist in reality hut are the product 
of a process ot ahstiaction In other words, the synoptical 
aspect, the “ togetheithe mxnnhle, refers as much to what 
we may teim external ihingH as it does to what we may term 
internal things or sensations The pnus and beginning is 
always a synopsis, and this has been clearly stated, so far as 
external things aie concerned, by Lotze when he says “to 
exist means to stand in relation”; and, so far as internal 
things or sensations aie concerned, by James Ward when he 
points to the presentation or sensory continuum 

Assuming at present the modern psychological view, we 
have to note that the primitive and original sensory or pre¬ 
sentation continuum becomes differentiated in the earliest 
stage of our conscious mental existence into two continua, 
the internal continuum, which we call our inner world, and 
the external continuum, which we call the outer world. 

The former is preserved and enlarged through memory; 
the latter arises and is preserved through a variety of pro¬ 
cesses which are complex and intricate but among which 
the two following are probably the most important; 
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1 Our own unconscious* ami conscious restlessness or 
activity entuiling repetition, attention, recogni¬ 
tion, older, regularity, etc 

2. Unconscious and conscious intercourse with others 
who shew us, and tell us of, tins continuum. 

Out subjective and objective rontinua are gained through 
memory, activity and internubjeotive intercourse. Wc 
know (he outer world largely through what other persons 
tell or shew us and only to the extent that such on inter- 
subjective communication is ixissible do we gain in our 
infancy and, before we me conscious of it, a tolerably dis¬ 
tinct and practical view of an external world which external 
world includes other persons and also ourselves in bodily 
shape. 

Wo sometimes see it stated that there is no logical way 
ovt of the ipsistic or solipsistic position Against this I 
maintain that there is, tor the adult mind, no way into or 
hack to such a jmsition, inasmuch as not only the know¬ 
ledge of nn outer world but even that of our own self is 
acquired and possible only by previous mtersubjective inter¬ 
course, and that consciousness of self is not possible without 
that ot other selves and of ourself os one among them and 
among other things The adult person in possession of 
normal faculties and us such also the philosopher, does not 
begin to reflect exc ept atter a length> intercourse with 
others Of this he, in his infancy, was primarily un¬ 
conscious; but gradually became more and more conscious. 
Through it he has acquired two centres for his thought 
ubout himself which we may, with William James, Josiah 
Royce and others term the Individual (subjective) and the 
Social self. And Vhether as a thinker he may try to cast 
one or the other ot these two selves into a shadowy distance 
or temporarily forget either ot them, no sustained train of 
reasoning exists without both of them, or if it exists it 
carries, as Hume said, no conviction. 

Through intersubjective communication we, in fact, 
gain two views of the sensory continuum, two continua. 
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and these do not coincide with each other. In order to 
realise the internal continuum maintained and enlarged 
through memory, with or without present sensations, we 
have to shut out or forget the external continuum, and in 
order to describe and compiehend the external continuum, 
we have to cast aside or forget the internal one. Both 
processes are extremely difficult and can only partially 
be carried through The two eontinua are ever and always 
being intermixed, they intrude on each other, and the 
training of science especially is to get rid of the subjective 
and regard only the objective continuum. * 

On the other side the demands of practical life necessitate 
and encourage the continual alternation of the twt> aspects 
of things, and we may say that the object of all serious 
thought during life is to bring the two aspects together and 
into some kind of relation • similarly us, when looking 
through a stereoscope we bring two pictures together and are 
not satisfied till they fall together till we gain a synopsis— 
giving us one clear view. In the case before us, however, 
this actual falling together of the two psychical eontinua 
never really takes plnre in our minds, and this gives rise to a 
continual striving and a more or less marked feeling of 
mental discomfort. Whereas in the stereoscope we succeed 
in completely merging two eontinua into one continuum we 
only very partially succeed, in actual life and the course of 
experience, in bringing together the external and internal 
eontinua. To do so, we would, as it were, require a new 
dimension. In other words, the practical continuum of our 
conscious life includes an inherent discontinuity as also (it 
may be noted), consciousness itself includes the phenomenon 
of the unconscious. 

But it is not necessary for my present purpose to describe 
—even if such were possible—more minutely the complicated 
processes through which consciousness of others and of 
ourselves gradually emerges out of the chaos and bewilder¬ 
ing complexity which must confront the awakening and 
growing sensibility of the infant mind. I wish to dwell only 
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upon the fact that if * hut we see and the seeing of it are pum 
arily identical and become duplicated only through zuemoiy 
and intersubjective intercourse that ull the pioperties of 
what we nee (taking Sight in the huger sense of Anschauung) 
must belong likewise to the seeing mind, the mind being 
practically merely the conscious continuum of sensutions 
perceived in time and preserved by memoiy 

There exists then a synoptical view not only of things 
outside of us but also of our own selves The totality or 
Together ' of inner experience —die Selbtsanwhauvng — 18 
more, and something else, than the sum of its differentiated 
or specially noted and remembered parts or incidents 
Language possesses seveial terms to denote this, but the 
word 'feeling which may occur as ippropnatc, does not 
denote it toi feeling may me in i very definite and isolated 
sensation Woids like the state of mind,” the ‘mood” aie 
more applu able to denote the synoptic al aspec t of our inner 
self, and I maintain th it such a synopsis is the pnus of all 
conscious life and th.it this is developed or resolved only by 
the acquited processes of differentiating of analysis and 
subsequent synthesis This initial svnopsia is what we teim 
the ‘ I 01 Ego, the unity of the sensory c ontinuum It can¬ 
not be fuither defined but it is aluays theie os long as con 
sciousness exists and attention to its separate poits or ele¬ 
ments is a subsequent and acquit ed performance 

In a very distinct way we may thciefore maintain that 
all that a closer contemplation of nature, tluough the forti¬ 
fying of our senses or the processes of intense thought reveals 
to us is, as it weie, theie ” in our minds oi m the minds of 
others who are able to point it out or reveal it to us, to make 
us see what we did not see before, explaining or interpreting 
in this way what was unobserved, but neveitbeless hidden 
in our original svnopsis This view is very much the same 
as that expressed by Leibms when he saul that the “ Monad ’ 
u a mirror of the Universe 

I will now proceed to give some lllustiations of this 
synoptical aspect shewing how it bears upon sundry practical 
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uiul philosophic nl pioblem* I ippcat that under tin** term I 
wish to lump: out the following two point* 

1 That synopsis oveiywheie pmedes analysis and 
synthesis and that 

.t It teveals m <nntuiu* move than analysis ami s> n- 
thesis tan ever discovti or deal with 

I stated befoie that tin views 1 have been tiying to 
expound have been glined undei the influence of othois 
whose spec illations T have studied and paitly w assimilated I 
must now add that thev are gained quite as much through 
praetu ul oxpei lent e 

No tact has heeu more chcplv impressed on my mind 
through practical exiHiiemc, c g ill mittcis of business 
than tlu gnat chftutncc which exists among persons as to 
then capmitv ot taking the synoptic vuw of things oi, to 
expiesu it m eveivday language, of giaspmg the aftans 
they have to do with is i whole ieg.itding alwuy* in the 
light ot this svnoptio vuw the details which come befme 
them, letemng the latter alwuvs bick again to the cornpie- 
hensivc aspM t winch is, as it wuo, evei present uml at the 
back ot their miuds This nuntal ittitude ih peculiar to, and 
tully developed in, compaiativelv tew minds and it is they 
who aie the organisers ot huge enleipuses he thc\ industrial, 
commeiu.il, social oi political they aie essentially the 
administi itive minds 

Not less tiiu and linpoitant ten the piogieusoi oftaiifl are, 
of counce, those otliei minds wlm have un eminent faculty 
for concentrating then attention upon single joints runying 
the processes ot abstiaction analysis ami subsequent Byn- 
theHiH to a high degiee ot ]Hitection but these uie raiely 
endowed with the svnoptic fac ulty which always sees things 
m their Together and never anything, bowevei important, 
in isolation, tom out of ittc context m the leal world be that 
nature oi human society 

Those who belong to the former c lass, those who possess 
the genius oi combined analysis and synthesis, may be the 
originators, but those who take the comprehensive or synop- 
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tual view aio the successful orgimstis ind udnumsti itois 
in practical life Ihe working (loses who is i mle and 
especially in lecent limes ue dn\cn to spec 1 ill/ ition and 
likewise unn> eminent experts in the Vits the Sciences md 
the Professions do not sufficiently ippimite low indispcns 
able aie the orgini/ing minds Vs i rule the\ lppncuti 
the ougimting faculty in the disco \phi and the inventor 
lnismuch is these piodu e something th it is ncml but 
they raioly tpprt ciate except sometimes liter p tinfu! 
experience the work of the oigini/ei us ucending to tinu 
view he does not pioduce mything new hut only dc lls with 
things md knowledge which he mencs from outside 01 
from othtis Then conception oi tin business problem is 
indogtms to ( ui>Ic s definition oi tin pichlcm oi politic il 
economy (iiven i sew iet> consisting oi fools ind knives 
how to produce efficiency md lionest> tliiou n h then com 
hined efloit tithing is mine impostmt in the 
day when we hen so much about co operation mumupil 
ind st ite enterprise thin to linptcss upon the masses the 
impossibilty oi successfully minigmg any luge aft ms 
without seeming ind tiustxng in the work oi completion 
sive minds who possess the gi isp c f things who tike wh it 
I c ill the synoptic view who h ive the tipni d rn unbit the 
(jrtsamrntan chaun g wlio sec with then minds eye the 
whole hefoic they descend into parts ind detail 

Coming now to spcuil philosophic il pioblcms I see m 
synopsis the origin oi oui idei of Sell not oi whit seli 
consists in hut oi the sell or I wine h is alw rys piesent 
with us forming is it weie the bukgiound oi oui con 
scious hie It is the fust md most important synopsis in 
our conscious life and is not guned by a synthesis oi 
detached experiences miong which i g Hume sought foi 
and could not hnd it it is simply theu ns a uniting bond 
Befoie we feel ind experience it md ue aw ue of it wc are 
not able to fix our attention on my detail of sensation oi 
perception This pnua of all self conscious life, this in 
ternal synopsis does indeed grow or extend in course of life 
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through memory, activity, and interaubjective communion, 
but it must be there before all these other processes can be 
of any use or lead to anything. I may incidentally mention 
that 'whilst I appreciate and have been much benefited by 
Mach’s “ Analysis of Sensations,” I feel that there is a want 
in his analysis: he does not start with the Together of sensa¬ 
tions as the prius but considers them only in their isolation, 
in their analysis and synthesis, which are possible only for 
the adult mind in a very advunced stage of development. 

The second Application which I would like to make of 
synopsis or Sight is that it contains the germ of the ideas of 
purpose and finality, the relation of a whole to its parts, as 
opposed to sequence and causality, the ielation of the parts 
to each other. The reason why Mach has no appreciation 
for the category of finality seems to me to lie in the defect 
mentioned just now. 

A third application I would like to make would be to the 
ethical problem and this in the direction indicated by Prof. 
Hoernle in his criticism of Bergson’s Theory of Free 
Will. To explain this we must not look for a special or 
isolated intrusion of something into the mechanical order of 
things, something called “creative energy,” but we must 
look to the totality or ensemble, the Together of our whole 
mental life, given to us by conscious synopsis, by Sight, 
which in this cose does not mean u special intuition but 
simply a synoptical view. 

I will not dwell on the application to the aesthetioal 
problem which is self-evident but proceed to the most import¬ 
ant application 1 would like to see worked out: it is that to 
the Religious problem. As this must, for any philosopher 
who is approaching the end of his life, be the most important 
question, without an attempt towards the solution of which 
no philosophy, as distinguished from science, is worth much, 
I must dwell upon it at some greater length. 

Let us then first remember tbe two essential points which 
the present discussion has tried to establish: the first point is 
not peculiar to the aynoptio view. It is merely a general 
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truth that the source of all our knowledge, thoughts, ideas, 
convictions, etc., is to be found in the continuum of our sen* 
sations, which continuum, however, contains discontinuities 
and is dependent on, and enlarged through memory and our 
communion with our fellow men. 

The second point which is peculiar to the view I take is 
this: that the continuum of our sensations cannot be broken 
up into separate distinct sensations or parts without losing 
something through : 

first, the incompleteness ot eveiy such attempt, and, 
second, the loss of the uniting bond, the Together under 
which sensations are primarily presented to us. 

We proceed from Sight to definition and thought, but we 
can never, through a combination of thoughts and separate 
parts restore ugain the Sight or Antchauung, the Together or 
ensemble from which we started. 

If the individual human mind, developed and enlarged 
through memory and intersubjective communion, contains 
always more than the sum total of its isolated experiences 
and something which lies beyond and underneath them, this 
undefinable something must have an effect on the whole of 
our thinking and doing. Let us term it for the moment a 
sense of the universe or a cosmic emotion. It constitutes 
synopsis in the largest meaning ot the term. We are, how¬ 
ever, never satisfied with pure contemplation, the ffkirror of 
the Monad, to use Leibnis’ expression, is not a merely 
passive reflector, it contains a principle of unrest or activity. 
We desire to see more clearly and to understand what we 
see, to communicate it or show it to others, or to express it 
in words. We may term this a process of interpretation of 
our original “ presentation ” continuum; we desire that day¬ 
light be thrown into the half illunminated recesses of our 
mind. 

The first and most important interpretation which is 
given ,to us is that which we unconsciously and conacioully 
receive in our own infanoy and childhood through the eom- 
munibn with other persons: we will term this the first and 



most important revelation given to us Hut oh stated before 
thi* interpretation or revelation consists in a breaking up 
nmt subsequent putting together again of our original 
“ presentation f * continuum, it is essentially incomplete and, 
an it were, artiticial There jemains a great deal which is 
never interpreted to us tlnough this revelation und there 
remains, in consequence, an unsatisfied desire ior a further, 
n larger and more comprehensive interpretation oi revela¬ 
tion. 

As oui early instructors have mteipreted and revealed to 
us a poition und what ina> be tor the ordinary purposes of 
this life the most iw]M>rt«nt portiou -of our innermost 
possession, so the human mind, in a higher or lower degree, 
looks lor an interpretation or revelation of what, from 
another point of view, is even more important, un additional 
interpretation or icveluhon which would, as it were, com¬ 
plete and join together the incomplete und fragmentary 
revelation ot ordinnn life: giving us an interpretation of the 
Whole of things, an image or u word which expresses our 
innenuost experience This interpretation or tevelation is 
what religion gives us and oui belief in any special religious 
view or doctrine is the feeling that it meets this desire, that 
it opens our understanding of the totality of things, of the 
ultimate Reality. 

This view of the larger and deeper revelation which the 
human mind longs for and which is more or less satisfied by 
the religious or spiritual interpretation of things and by the 
acceptance ot the same, suggests many reflections and recalls 
well-known expressions and theories put forward by philo* 
sophicul as well as by religious thinkeis. On these I do not 
wish to dwell ut present. 

In a chapter of the fourth volume which will deal with 
the “problem of the Spirit 5 ' I shall have an opportunity of 
enlarging on the various attempts which have been made 
during the nineteenth century to deal philosophically with 
the religious problem. 



There are only two points which I should like to urge in 
this rapid and somewhat tuiiierticial sketch 

I think it is helpful to point to analogies which exist 
between wliut I have termed the two great revelations which 
we receive or may receive during our lifetime. Let us term 
the first revelation, which takes place unconsciously and 
consciously during our infancy and childhood, the common- 
sense view of the Woihl and Reality, and let us term the 
second aud later revelation, which may come to uh in the 
course of our life, the spii itual 01 religious view of the World 
and Reality. We may then point to two characteristics 
common to both revelations: 

( 1 ) Neither the earlier nor the later, neither the common- 
sense nor the spiritual view ot things is of much value—the 
first as a practical work-u-day conception, the lutier as a 
subject of belief and a mat ter oi iuiih until each has arrived 
at u sort of stability aud completeness We must in both 
cases he able to settle dow n to some tolerably compact, coher¬ 
ent and complete view: in othei words, und using the term¬ 
inology of this sketch, the unconscious and conscious 
experience which we gam must to some extent be expressive 
of the original synopsis or Together iiom which we started 
and which forms the undeilying gioumlwork or material, 
the primary Together or synopsis ot our conscious life. The 
mind must in both instances arrive at a position which affords 
some rest and a tolerably tirm b.isjs foi thought and action, 
a settled, though it may be nt vei u thoroughly clear and 
transparent view or comprehension. Hut only when in 
possession of such a comprehensive, commonaense or spir¬ 
itual view of Reality can n e descend into details and carry 
on the work ot our life with some uniount of satisfaction an<L 
success: expressed in other words, both the commonsense 
view and the religious view must be presented to us as a 
whole, and single points in either can only be decided 
and dealt with in the light of the whole. In both cases we 
must reach u synoptic aspect. * 
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(2) The processes and stages through which we have 
gained, in our infancy and childhood, that tolerably stable 
view of Reality which I term the commonsense view, the 
work-a-day aspect of things, are not known to ns in detail. 
No psychological or biographical analysis will ever reveal to 
us the infinite number oi small experiences, of hidden, un¬ 
observed and forgotten steps, through which by an alterna¬ 
tion of our'town activity and the influence of our instructors 
we have arrived at that commonsense view of the world 
which serves us as a solid ground and indestructible convic¬ 
tion during the rest of our lifetime. 

Is it likely that, in the case of the spiritual revelation 
gained by individual effort, the influence of otherg and the 
work and experience of many minds in the course of the 
history of our race, we should be more successful in unravel¬ 
ling the details of growth and formation of what for any 
individual person has resulted in his or her spiritual convic¬ 
tion or religious faith? In neither case would scientific 
analysis or historical criticism be in itself sufficient to pro¬ 
duce in our minds the conviction of the truth of that aspect 
of things which has bean gained by undiscoverable pro¬ 
cesses and which stands firm as an article of commonsense 
or spiritual faith and is intelligible and useful only if viewed 
in its totality or as a whole. Must we not here also look at 
the whole and not expect to exhaust or fathom it by scien¬ 
tific analysis or historical criticism of detail P 

The unfolding of the individual mind in infancy and 
childhood remains, as indeed the appearance and history 
of every new living thing, a mystery and a wonder. Query: 
Should the appearance and history of the• later and larger 
revelation, worked in many minds during the agee of his¬ 
tory, and descending upon us through individual experi¬ 
ence, through social environment and influences, contain 
leas of a mystery and a wonder? 

1 could quote many passages from the works of recent 
thinkers pointing to, but frequently only vaguely expres¬ 
sive of, the view which 1 have tried to state more definitely 



61 


in this Aperyu; and in the fourth volume I shall hope to 
give them in sufficient abundance. Here I will only refer 
tO one of the last deliverances of Wilhelm Dilthey, who left 
us only a year ago, perhaps the most original thinker 
whom Germany has of late possessed. In his contribution 
to a volume with the title “Weltanschauung,” published in 
1911, he has expressed his conviction that the comprehen¬ 
sive views of Reality (Weltanschauungen) are ''not the pro¬ 
ducts of thought, and do not arise solely through the deBire 
for knowledge. According to him, they proceed from the 
experience and tenor of life, from the structure of our 
mental totality. Thus it is not by a process of co-ordina¬ 
tion of a multitude of separate instances and parts, through 
similarity or uniformity that compiehensive views and con¬ 
victions are gained, but through a process of synopsis 
(Zusammenschauung) by seeing the separate parts in a 
whole, by rising from n comprehensive view gained by 
living experience to a comprehensive view of the World. 

In this his Inst published deliverance Dilthey has. as it 
seems to me, given the clearest expression of what, in the 
long series of previous writings, he has been aiming at. 
These writings are beginning to attract the attention they 
deserve not only within wider ciicles in Geimany, but also 
in other countries, and foremost in France. I have no 
doubt thry will be increasingly appreciated also in this 
country. 
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Thf Great Whinsiii at Kirkwhjipimotos 

—. ■ .... - ... - - 4 > 

By G B.8c 

[Road January 9th 191 l ] 

In a former piper 1 i some whit detailed ucount was 
Riven of tlie nhtion of the W hinsill to the sediim ntarj beds 
into ^luili it intruded is <\]>os(d in i mt turn ‘utretchinR 
from tin \orth I\ne at Hin uloil to Swinbum Mill mil 
it was nituiul that an ittoinpt should h mult to continue 
the section noith c ist iIwir tic ts upimut l nioitun 
itel} thf ibserue of an\ txpostm slutting tin lontut of 
wlnn mil sediment i\ locks to m\ txltninndf it nu<sflu> 
to pass o\ei tor the jnscnt tlu mlm iuur tountn «md 
continue tlu t\iuuHiiim some si\ u mil s noith c ist where 
the \\ unsberk (uttniR tlimi/1 tlu c lpmcnt riw s in un 
excellent sertu ns just In low tin xilh eit Kukwhe)| it uton 

Tlnsdistiict was sumxtd hv Messis loph\ uul Inborn 
m 1877 hut the tieologu d 1 Sunt \ m ps uie too snnll to 
show my detail while tlu 0 mips I nt m\er been 
published 

The district is ilso mtntioned h\ Missis Iople> ind 
Lebour m their pipti on the lnttusite (lua ictei of the 
Whmsill 0 and b\ Hutton uul l itc tlu liltti of whom 
state thit two sheets of W hm JO tut md 12 feet thick aie 
found sepdintetl bv 1 foot id dtirtd sh lie but the exact 
plme where this o< tuned could not bt found md no details 
are Risen It seems prohdile tbit this exposure was closei 
to the junction ot the two sheets than those now found 

1 Pw Unit Durham Phil Sor 1911 Vol 3 pt 4 

*QJQ Soc 1877 
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In the stream bed below the western side of the hill on 
which Kirkwhelpington stands, and round which the 
Wansbeck flows, a fault, running nearly due east and west 
(276°), throws a massive but sharply folded limestone (o) 
ajpninst a false bedded more gently folded sandstone (3). 
Below the sandstone lie a shale (2) and limestone (1), the 
Inttei showing a smull anticlinal which brings Whin to the 
surfuce a few yards west of the stream-bed. (See map). 

Passing down stream one finds the top of the Whin (A) 
covered by a limestone (4), shale and thin limestone (5), which 
pass below a second sheet of Whin (B) with its covering of 
limestone (6). The sandstone (3) is absent while the lime¬ 
stones are evidently different beds from that covering the 
Whin (A) near the fault. The Survey 1* maps mark a 
fault branching from the one mentioned above, which, if it 
existed and was prior to the intrusion oi the Whin would 
account for this incongruity, but no trace of this fault could 
anywhere he detected and its absence wns proved in several 
places. 

This section can therefore only be explained by supposing 
the Whin to cut through the sandstone and its accompanying 
shale and limestone in the manner indicated in No. 1 Section. 
The dip of the beds and the presence of folding eonfiim this, 
but visible proof is at present wanting. 

The fault undoubtedly throws the Whin, hut the folding 
was probably prior to the actual intrusion of the Whin and 
caused by its approach. This folding would naturally cause 
weakness and fracture at the shoulders of the folds, which 
would provide opportunities for the Whin to alter its horizon, 
and would account for the splitting of the Whin into two 
or more divisions us is seen in this case. The two sheets are 
separated by so thin a layer of rock, that it may be inferred 
that the junction is close at hand. 

Proceeding down stream, the Upper Whin (B) is seen dip¬ 
ping some 6° to the east as well as following the general 
dip of 3°-4° to the S.8.E., and this easterly dip indicates a 
fold necessary to bring the covering limestone (6) up ovei 
Copping Crag. (See No. 2 Section.) 




Bridge. 
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At Copping Crag an d nt several other smaller folds-it is 
noticeable that the Whin has thickened considerably, as one 
might expect if the folds were prior to the intrusion 

The sedimentary beds follow the same folding. Dehind 
Ihe Mill, a smaller hat clearer fold is seen of the Whin and 
limestone with a certain amount of thickening of the Whin. 

Just below the Mill the AVhin dips below the covering 
limestone and is no more to he seen. 

Continuing down stream a series of gentle folds hung 
the limestone (fi) down to the stream bed, and here Whin 
occurs again, but this is a vertical dyke-like off-shoot 
(B.U B ) from the mam mass of Whin, which pioices the 
limestone like a dyke and forms a well defined breccia which 
marks the north face. 

The limestone is succeeded by a black shale (7), n thick 
sundy shale (8) and a massive limestone probably the “8 
yaid M (9). The latter is well exposed in a small quarry, 
where it is pierced bv the dyke off-shoot. A beautiful 
breceia marks the north cheek of the dyke offshoot. (See 
Photo 2.) 

At the western end of the qutury and standing just south 
of the dyke offshoot, a sharp fold in the limestone is seen, 
accompanied by a small thrust-plane. The uvis of the fold 
is at right angles to the diicefion of the dyke, and coincides 
with the axis of folds mentioned above wlueh are in the 
direction of the dip, ;.r., K.S.E. The told then was pro¬ 
bably prior to the intrusion of the dyke, since if caused by 
the intrusion one would have expected the axis to coincide 
with the direction of the dyke 

Again at the other end of the quarry, the junction of the 
dykejbrereia and limestone is clear and sharp, and there is no 
sign of folding. 

The dyke-offshoot is some l\ ieet broad running east and 
weet (270°) and composed of rock very similar to the Whin, 
though it is more weathered and there is a complete replace¬ 
ment of the augite and partial replacement of the other 
minerals by calcite. 



The direction practically coincides with the fault men¬ 
tion*! above » g. * 4 

The Wans beck here leaving theescarpment mattes a ter¬ 
mination of the section * 

Rumntary arul ( onduitonn The he<l» exposed in this 
area are enumerated below and numbered to correapond with 
the map and sections llieir approximate thicknesses are 
given — ^ 


(9) Massne Limestone 

( + 14) 

(8) Sandy Shfcle 

( 

80 

(7) Blatk Shale 

( 

d) 

((») Limestone 

( 

60 

(B) Whinsill 

( 

16) 

(6) Thin Limestone and Shale 

( 

10) 

(4) Linn stone 

( 

6) 

(A) Wlunsill 

( + 

!) 

(1) Sandstone 

( + 10) 

(2) Shale 

( 

h) 

(1) Limestone 

( + 

4) 


The stiies includes two sheets of Wlun sepaiated by some 
10 feet of sedimentniy beds and tin lower sheet is found 
changing its hou/on through several sedimentarj beds 
Both the W hin and sedimentary beds are gently folded 
the axis of the folding being in the same direction as the 
general dip t e S S E 

The folding was probiblj prior to the intrusion and the 
Whin is found to thicken to dome shaped masses in the folds 
The shouldeis of the folds where steep enough provide oppor¬ 
tunities for the Whin to change its h or iron 

This would seem to be a rutional explanation of the con¬ 
tinual division of the Whin into sepal ate sheets m this part 
6f its outcrop 

The significance of the dome shaped masses is readily 
understood if we imngine wiatheung to have taken place 
dividing the anticlines down to the surface of the Whin 
and leaving limestone and shale in the troughs Thu 



8howikg For n in Limestone bv Thkitst x x D\ke OrrsHooT is 
Exposed jiht on thf Right Edge or Photo 



Showing Breccia on Southern Cheek or Dyke OrnHoor The 
White Scratched Surface* are Saooharoidal Lunmone, 
the rest Whin. 
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would give the irregular line of dome shaped masses with 
occasional surface breaks which is so characteristic of the 
WhinsiU in Northumberland. 

Thcie is also on excellent example of a dyke offshoot 
from the Whin, which opart from its proximity to the 
WkinsiU might be taken tor a true dyke. » 

Little lias been done us regards the weathering and meta- 
morphism ot the rocks. The more impure limestones und 
calcareouh shales are in general altered to a very hal'd por¬ 
ed la mte, breaking with conchoidal hacture described by 
Teall, 3 und except for the very beautiful minute bedding 
planes, hardly to be distinguished tiom fine grained Whin. 
The Whin found at junctions is luvanubly very finely 
grained, and has the augite icplacetl by culcite, thus causing 
an effervescent effect with acids. 

The purer limestones are usualK turned into whitesac- 
charoidal, but soft, marbles, 

I hope in the near fill tun to be able to apply these obser¬ 
vations of the relation of the Whin to sedimentary beds over 
the eounfiy retened to in the intioduction between the Tyne 
and Wunsbeck. 

In conclusion T desire to express my very hearty thanks 
to Professor Lebour tor his kind criticism, to Dr. Smythe 
especially for his help in the field, and to Mr. F. H. Walker 
tor his aid in working out the detail ot the Section. 


1 Teall, Q.J <7. 5oo.» 1684. 
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Note on a new Electrical Method op Pkep aring 
Aqueous Colloidal Solutions op Metaix, 

Ity If* Morbis-Airkt, M Sc' , and H. H Lomu, If Sc. 

[Read March l.ith, 1911.J 

The* eleetncul methods hitheito employed in the pre- 
puiution fit colloidal solutions of metals are those of Hiedig* 
and Svedberg. 2 

Uiedig's metlnxl consists in forming « direct current arc 
between electrodes of the metal to be dispersed, in pure 
water (cunducti\lty about 3x10**. It the water is not 
allowed to become too hot and tlie cuirent strength is suit¬ 
ably adjusted (5-10 amperes) it is possible in this manner 
to prepaie tlje h.sdioHols of many metals. The prepaiation 
requires some skill and patience us the aie burns iiiogulurly, 
and it is difficult to maintain constant electrical conditions 
m the discliaige. This leads to varying sizes ot the particles 
pioduicd, and thcieioie, to uiiceitainty as to the colour 
of the lesultmg solution. 

In the method ot Svedbeig the oscillatoiy discharge of a 
Ijeydeu jin is used to dispel he the metal The discharge 
can lie liettei eontlolled, and the conditions mude more 
definite than ui the arc method provided care is taken to use 
veiy puie water 

It occuired to us that a high frequency alternating arc 
would provide a method having the advantages of both of 
the above methods. The large cuirents whirh could be used 
would enable the operation to be carried out quickly, and 
the oscillutory nature of the arc would enable the conditions 
to be easily controlled and varied over a very wide range. 
A suitable generator of the necessary high frequency cur- 

1 Bredig G. f Zeitschr. f. angew. Chem. 1806, p. 061-664. 

'Shed berg T., Die llethoden »ur Hentellung koUoider LUemamn 
Dresden, 1000 
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rents was obtained in the Poulsen arc as used in wireless 
telegraphy. Leads were taken from two points on the 
inductance of the oscillatory circuit of the arc, and were 
led to the teiminuls of a discharger circuit consisting of an 
an* lump, which was so designed ns to ullow of the arc 
being stiuck under water. The inductance and capacity 
ot the oscillatory circuit could he varied, and in the dis¬ 
charger circuit various capacities and inductances could be 
introduced. These enabled the ehvtnenl conditions of dis* 
charge to be ulteml through a wide range The capacity 
in the Poulsen circuit wus varied from 000156 mfd. to 
002808 mill.* and the inductance iioni 00 microhenries to 
180 microhenries. This gate a range ot fieqiiency from 
220,700 per second to 805,200 per second, 

liy varying the conditions in the Paulsen eireuit as 
ciliove, and the coupling of the dischaiger ciicuit, we were 
able to obtain ciui.euts m the discharger ciicuit covering 
a range ot trow 14 amperes to 15 amperes, nnd a range of 
voltage trow 480 volts to 4,080 volts. In uddition to this, 
the length oi the arc in the disdiurgei could lie ulteml, this 
being possible owing to the wide range of olectiual condi¬ 
tions at our disposal In gciieml, only a few* seconds were 
requited to produce colloidal solutions ot the tollowing 
metals: Gold, Silver, Platinum, PaUadiuru, Coppei* Lead, 
Iron, Zinc, Tin, Nickel, Aluminium, Magnesium, Bismuth, 
Antimony, Cadmium. 

Solutions of Carbon were also prepmed. 

(Vitain colours hud been tegarded as charactertiatic of 
the colloidal solutions of ftany ot the metals, und while tljese 
could all be produced the flexibility of our method enabled 
us to show that the colour was a result of the special condi¬ 
tions ot the discharge. Where only one or two colours 
had been previously obtained for a given metal, we found 
that by suitably adjusting the conditions it wus possible to 
obtain a wide range of colours from several metals. 

A remarkable variety was obtained in the case of gold* 
silver and copper. Three gold colloids were previously 
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known: red, blue and purple, but no single method appears 
to have been capable of giving all thiee. The high fre¬ 
quency hit method gives nil these and a number of 
inieiinediute colours. 

An examination ot these colloids with a Hardy tube led 
to the conclusion that the red und blue hydrosols carry 
charges of opjiositc signs, while the pm pie appears to be 
a mixtuie of the ml and blue colloids Similar results 
were obtained in the case of other metuls, und the electrical 
ami optical propci tic* ot some of these are being iurthei 
examined. 
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The Structure of Metals. 

Abstract of Lecture delivered by Sir J Axnun> Ewuiq, K.C.B , F B.S , 
at Ai matron# College, Mar 2nd, 181,1. 

The lecturer begun by giving u short uecount of bow the 
microscope in applied to investigate the structure ot metals 
and what churucteiistics art 4 revealed, in pure metals, by its 
assistance* III general tbe surface hud to be prepared for 
microscopic examination by polishing to remove accidental 
louglinesses, followetl hy etching. Etching was necessary 
because the surface, lifter polishing, was no longer in the 
same physical condition as the material below the surface. 
The surface layci had to be removed tatore tbe true nature of 
the metul could be perceived. To illuminute the exposed 
face of metal under the lens two methods were followed. 
The light might be sent down through the microscope tube 
itself and lie reflected up again to the eye: this wua called 
veriicul illumination. Or it might come obliquely from the 
side, grazing the surface of the metal. 

When u metal which could be obtained in a pure or 
nearly pure state was polished and lightly etched, the first 
thing seen in the microscoiie was that the exposed surface 
uas divided into irregular areas called grains, us various in 
form us the counties on a map of England. The boundaries 
between tbe grains appeared under vertical illumination as 
(lurk lines, with no pretence of geometrical regularity: the 
gruins seemed quite casual both in shape and in size. Under 
stronger etching u difference in texture could he discerned 
between one grain und another, which became very obvious 
when the illumination was oblique. Some of the grains then 
appeared very bright in the field of view, others very dark, 
and others of intermediate shades. On turning the specimen 
so that the light fell on its surface from different dine* 
tions the brightness of any one grain underwent striking 
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variations These feature** were illustrated by lantern 
slides showing nminwopu photographs, and by a specimen 
of cast load in wluc h the giums wore so large as to 1 h* readily 
seen without magnification Ihe bnghtness, though vary¬ 
ing widely iiom giam to giam, wus constunt ovei the 
exposed surface of an\ one gimu Examination undei high 
power showed that this w is duo to the fat t that the surface of 
ea< h giam was made up of a multitude of little paiallel 
facets which acted like minors in leflet ting the light These 
faced one way all ovei flit* giam, but ticod different ways in 
different giains 

The explanation was that each giam was in lenlitv d 
crystal, notwithstanding the complete liieguluiity ol its 
external foim The essential i haia< teristu of irystalline 
stiuctuie was not gcometucul itgulauty of the external 
fonn but of the internal ail mgeiui nt of tlie units out of 
wluc h tlie crystal was built up Its civslalliuc quality made 
it dpjioai as if composed of brickbats, like a block of bntk- 
woik, mid the often t oi etching was to remove coitaia 
brickbats fioni the surface, leaving flic* tacts of otheis 
visible The uiegului boundaries of tin grains weie due 
to the mfeifeieme between each giam and its neighbour 
duimg tin process ot giovvth 

lo make the plot ess intelligible, they might tlnnk of 
what would huppen it a numbei oi fairy children were set 
down in u nurseiy uml provided with an unlimited supply 
of brickbats all exactly alike Each child began buildiug, 
with complete* freedom as to where it put down its first 
brickbat, and in what duection, and the rate of building 
might vary But the ultimate result was that the whole 
space became filled, for each child had to stop building only 
when its pile tame into tontac t with those of the others 
Throughout each pile the bnckbats lay parallel to one 
another but the directions were as a mle quite different in 
different piles If a section through the whole space were 
taken, and the surface brickbats picked out, the appeal ance 
would be exactly the same us that of the grams of a metal 
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when cut and etched. In some cases the child might take 
possession of a comparatively largo territory hy building out 
branching arms forming n skeleton to be filled m at leisure. 
This was analogous to what in crystallography was called 
dendritic growth, examples of which were often found in 
metals. 

Other evidence of the crystul natuie of the giains was 
given by means of phoiogiaphs showing “ air-pits ° in the 
surface of a specimen of cadmium cast against a smooth 
glass plate. Microscopic cavities formed by air or by gas 
gi\en out during the solidification of the uietal took a geo¬ 
metrical form, and when n gioup of such cavities occurred 
on the surface of one giain their forms were similar and 
parallel They resulted, as it were, from brickbats being 
omitted in the building 

The lectuier next discussed the bphuviour of the crystal 
grains when the metal was strained beyond its elastic limit. 
Plastic straining was possible without destruction of the 
crystalline character of the grains A specimen of metal 
stretched until it broke in the testing machine, or a bar 
rolled in the cold state from a lurge to a small section, 
showed giains that were much distorted, hut the biickbuts 
rescaled by etching were still paiallel to one* another over 
the face of each grain. This was because the alterations oi 
form took pluce by means ot slips occurring on parallel 
planes within eucli grum, like the slipping of cards over one 
another in a pack. When the exposed surface of n grain 
after straining was \icwed in the microscope, the traces of 
these slips were seen as parullel lines or rather very narrow 
bands to which the name of slip-bands had been given. By 
using oblique light it was shown that these markings on the 
surface were really steps, each of which was caused by one 
portion of the crystal grain slipping over the udjncent por¬ 
tion through a short distance. In general there were at 
least three such systems of planes of slipping, corresponding 
to certain natural planes within the crystal in which slip¬ 
ping took place most easily. 'The combined effects of slip 
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on umng on three or more planes was to allow the gram to 
assume an entirely difteient shape, but without losing its 
crvstallinc c liana ter Examples of slip h uuls weie shown m 
iron, lead and otliei metals, and attention w is c ulled to the 
hening-boue pattern issumed by slip bauds in c ises where 
the giams exhibited the ptcnhiuity known to tiyslallo- 
grupheis as twinning It was t xplamul that wlien u stiained 
metal was annealed a m iystnlli/ation occulted though the 
metal nmained tlnoughout the piocess it a temperature 
much below its milting point 

lhc let turn tlan discussed the jwssible < onhguiations of 
the ilementaiy paitnles oi stria tuidl units of the giams, 
which would be consistent with the ubseivul u> stall me 
quality Tin units must be giouptd in what Kelvin had 
called a homogt nous assemblage Tlay wen cqu illv spaied 
in lows, and the lows in layeis In i model this ihatucter- 
ista louI d lie swuiwl by representing the units is spheraal 
bulls ot tin. same si/e llieie weie time possible ways in 
whuh such balls could bt piled so is to satisfy the condition 
ot c uba symmetry whuh was met with in iron, lead coppei, 
gold, silvei and many otliei met ils In the most open mode 
ot piling each spheu was in contact with six otheis In 
auothti mud? each spheie was m contact with eight others 
In a thud mode whu h w is the < Joscst possible kind of pil¬ 
ing, each spheie was in contact with twelve otheis It was 
shown by means ot models how these modes ot piling gave 
cubit symmetry, and how in u modification ot the thud mode 
twin gioupings could be toimed Piolmbly the stiuctural 
unit was itscit a very complex gioup ot atoms oi electrons, 
exciting mutual forces between euc h unit and its neighbours 
which brought the units into plate and held them thue, and 
accounted toi the dissipation ot eneigy that ouuned when 
thcie was slip Lxcept fox these forces one might conceive 
the unit os free to turn, and under strain it probably did 
turn a little way befoie the elastic limit wus passed when the 
onginal bonds between it and its neighbours were broken 
The e fleets of elastic and non-elastic attaining could be indi* 
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cated by means of models in which each unit had poles 
exerting forces on corresponding poles in its neighbours. 
Various models of this kind were exhibited nnd their action 
briefly discussed 

Patticulunrof observations refeired to in the lecture will 
be found in the following papers: 

Experiment* in Micromotallurgy Effect* of Strain, by J A Ewing 
and W U one n tain. Pro© Roy Soe. Vol 05, 1809. 

The CryntaUine Structure of Metal* Bakerian Lecture, 1800, by 
J A. Ewing and W Bonentain. Phil. Tram Roy Soc Vol 103, 1800. 

The Crystalline Structure of Metal* (Second Paper), by J A Ewing 
and W Rom*nbain Phil. Tram. Roy . Site Vol. 106, 1000 

The Fracture of Metal* under Repeated Alternation* of Straw, by 
J A Ewing and J W. Humfrey. Phil. Tram Roy Soc Vol 900,1003 

Effect* of Strain on the Crytftalline Structure of Load, by J W 
Humfrey. Phil. Trait* Roy. Soo Vol 900, 1903 

The Plastic Yielding of Iron and Steel, by W Rmenhain. Joum 
Iron and Steel hut 1004. 

Deformation and Fracture in Iron and Steel, by W Roeenhain 
Journ Iron and Steel I nit 1008. 

PreHidential Addres* to the Engineering Section of the Britinh 
Association York. 1908, by J A Ewing Rep Rrit isxoc. 1006. 

The Structure of Metal* (The Wilde Lwture), by J. A Ewing. 
Mancht'iter Memoir* Vol 61, 1007 

The Inner Structure of Simple Metal* (The 1012 May Lecture), by 
J A Ewing Jtnim Imt of MetaU Vol 8, 1912 
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Ma thematics and the Inductive Methods 
op Logic. 

By OoDrur H Thomson D Sc Ph D 
[Read May Hth 1913 ] 

lth ghat* nicht dwx eh viel eigarx Nouw lehr* 

Nnh (larch mein Schrrflrw Wit* den Schit* der Weuhtit mehre 

Doth denk ich von der MUh nur ewtieiloi Oewinn 

Einmul date* ich nun xelbat an kinsicht welter bin 

Stdann dflHx dock didurch n m wchcn Mann eird kommen 

MinrhcH uovt n er * n»t gnr hktte nuhtH vernc mraon 

Und iuch der dntU Clrund nchoint wut nicht don GelSchtera 

Dank w r died ButhU m hint dtrweil doch host kem nchhchterH 

(Ruekert Weinheit dei Brahmanen ) 

IxiKnm n ion 

l piojKwc to 1 m gin this pipei bv defining moil ate ui itely 
thin c m b( done in a title the ground which I intend to 
covu uul b\ nnpping out in idvmce tlu main Iiiuh ilong 
nilwli I intend to proceed In the fust pint then I use 
the woid logic m tlu ordimn wi\ m whnh it will be 
used I think hv inyone who ippiou Iuh tin subject fiom 
the scuntifu side Ihut is to si\ while I mognist that 
Logie is the science cd leisouni^ L do not hud it ei»\ to 
join those who to quote Mi Sidgwick 1 mike a dehbei 
ite ittimpt to keep Logic puulv toimal and I shill not 
tr\ to icg ud the pukphh ot leisoning uh something dis 
tinct ftom the sub] tt inittei about winch it is employed 
It would indeed he dmciht iwjiowiiblc tor me to <lo ho foi 
wh it I proiM>sp to do is to show tli it a certain method of 
renaming which Iiih lucn found necessaiy in biology ind 
is coimnu into use iIho in some other sciences and winch 
iinohcs the use ot the cnlculus of probibihty is an exten¬ 
sion, in pinrtict it not in pnnciple of the indue five methods 
of logic uul this new method must be explained in the 
inngmgt of these sutures and by means of illustrations 
from them 

1 A Sidgwiok Vte of Word* tn Becuontng p 9 
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Tt is, perhnpfl, unnecessary to explain that by induction 1 
do not mean what is called “mathematical induction/’ 

In induction the causal connection of two or more 
oecurrenceM is "ought tor empirically by observation. One 
occurrence is focussed, and the occurrences causally con¬ 
nected with it are required. By causal connection I mean 
merely uniformity of association in the phenomenal world. 

The methods of induction are used by everyone m daily 
life. They were m a sense already formulated by Aristotle; 
they were tremendously emphasised by Bacon; and by John 
Stuart Mill they were given the form in which they ure 
to-day commonly quoted. Mil Vs four experimental 
methods would need no amplification whatever, were the 
different events of nature really as easily separable as the 
ltonuin letters he uses as symbols toi them 2 

(ii \Lm and Qtantity. 

In actnnl fact, however, Mill’s methods are not so easily 
applicable There arc two cases to lie examined, the second 
of which is again sub-divided into two. 

(1) The occurrence *, the cause of which is to be investi- 
gnleri, is sharply marked off from not-*. 

(2) More commonly, however, * is some quantity 
capable of graduation/ theie may be much or little of *. 
It may, for example, be the temperature of a room or the 
height of a man. 

(n) Wo may then by the use of a standard 4 convert 
this case artificially into the former. For example, we 
may say that when a man is taller than a certain post 
he is tall, otherwise he is not-talf. Such a standard 
can often be used also m dealing witli mental 

3 In tiuth it may be doubted whether they are separable at all exoept 
arbitrarily by airing a standard. 

4 It may be doubted indeed whether case (1) ever really exiete, or 
whether we are not always using a standard, unconsciously, to separate 
a quantity into two Mo-called quality See footnote, page 88 

4 See J Venn, Jtfmpiricei Logic, London, 1389, ch 18 and 19 
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phenomena. Moreover, more than one standard may 
be chosen, and « divided into three or any number of 
classes. 

(6) If the standard is such that we can mark where it 
reaches to, and re-apply the same standard, beginning 
ut that point, it becomes n unit, and we can measure * 
to that degree of accuracy which our means permit or 
our necessity demands This we can do with the height 
of a man. We cannot do so, however, with mental 
phenomena. For example, we cannot say that one room 
feels one nnd-A-hnlf times as hot as nnolher, although 
we can measure the expansion of mercury in the two 
rooms. Only by making Fechner’s assumptions can a 
kind of measurement lie carried out in such cases. 

We may call these three cases the cases ot 

(1) Simple Presence or Absence; 

(2) Continuous Variation with (a) Classification by 
standards; (ft) Measurement by a unit. 

Let us suppose now that an event a can be identified 
nmong the antecedents, and that somehow or other, either 
by casual observation, or by analogy, or by a half complete 
deduction from known laws, we have come upon the notion 
that a may he, as we say, the cause or part of the cause of 
This event a may also be brought under one of the 
above three cases: and in investigating the causal connec¬ 
tion of a and * there may occur, therefore, any of the 
following combinations: 

i Both are simply piesent or absent 
ij Both are continuously variable, and 

(a) each is classified by its standard or standards; 

(ft) each is measured by its unit; 

(r) ono is classified and the other measured. 

* The question of how we come in the first place to hue any sttspkdou 
that a and k are connected seems to me to be one rather for psychology 
than lafrio In any case this paper is concerned with the scientific 
making of inductions, not with those first faint glimmerings which lead 
M to try along certain lines. I shall, however, return to this point 
later. Somehow we suspect a to be causally connected with *. 
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iij One is simply present or absent, and the other is 
variable and 

(a) classified by a standard or standards-; 

(i) measured by a unit. 

Analysis or Qualitative Methods. 

1 If the pair of phenomena we are investigating come 
under case i (both simply present or ubsent), then Mill’s 
Methods of Agreement, Difference, and the Joint Method of 
Agreement and Diffeience, are frequently applicable. I 
wish to introduce u manner of tubulating these methods 
which will make whut follows clearer, and would, I think, 
be useful in teaching the subject We examine sets of ante¬ 
cedents and consequents, and record each in the proper 
compartment of what we shrill call a Fourfold Table. For 
example, consider the case— 

i 

AntendanUb Consequent* 

ABC abc 

ADE ode 

AF(* afg 

AIIK nhk 

to which the Method of Agreement is applicable, and 
examine the connection of a=A, and k= a. All four 
cases will he recorded in the first compartment of this table 

(Pi ff. 1). 

Fia. 1. 

k = a not « 


a = A 


not A 


Method ^Agreement* Everything changed escceept ■. 

0 
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If the following sets of antecedents and eonsequenta be 
simil irly tabulated 

Anteowton ■ Oo e U 

ABC abc 

BC be 

one nse conus into the hist ana one into tne nst compart¬ 
ment (1 ig 2) Hi is is th* Method of Diflertnce where it is 


a ss A 


not a 


Method of D\firet e Nothin / rh tnjrd t rcept a 

possible to i*mo\t a leiMng eAeiything else unch uiged 
If it is impossible to ipmou a without changing severul 
othei mtetedents tlion moit cists must be trad All of 
them will comt into thi s inu two c omputnu nts (fig *1) 


not a 


Jotni Method qf Agreement and Dtfhnnct « cannot bt changed vnthont 

fHsraf tk*nge bemg changed but the only invariable deference w «, 


I IQ S 

k not k 


60 

0 

0 

60 


Fio 2 

k s a not k 


1 

0 

0 

1 
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This is the Joint Method oi Agreement and Difference. If 
we take the oases in pairs one from each compartment, the 
members of any one pair differ fiom one another in several 
ways, hut the only invariable difference is a. 

As an example upon which to use such a Fourfold Table 
let us take the following from an elementary text book of 
logic 6 : — 


AntoowtenU 

CocauquonU 

ABDE 

*iP9 

BCD 

qsr 

BFG 

vqu 

ADE 

t*p 

BHK 

gqw 

ABFG 

pquv 

ABE 

pqt 


and let us suppose that we are behind the scenes and know 
that A *is the cause of p, H of 7 , C of and so on, An 
observer who does not know this 7 is led to suspect n causal 
connection between -1 and p and enters the cases into a 
Fourfold Table thus (Fig. 4). 

Kio. 4. 

Ksp not k 


a s=3 A 


not a 


4 

0 

0 

3 


• Je toils, EUm , Lenom , p, 828. 

r An observer who hod the events as separate ae ABO would already 
have accomplished most of hie task. 
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If lie examines not only these seven but many eases and 
each one as it comes up fits into one of these compartments, 
then the probability becomes very great that a is both 
necessary and sufficient to causo k, and by examining a 
sufficient number of cases he can attain to any degree of 
probability which he may decide upon as being for practical 
purposes certainty. As soon however as a cose crops up 
which must be put into the third comportment he knows 
that a is not necessary though it may be sufficient: as soon 
as a case crops up in the second compartment he knows that 
a is not sufficient though it may be necessary. The first of 
these is Mill's cose of Pluralitv of Causes. The second Mill 
does not state: I shall call it the case of Plurality of Effects* 1 . , 
If cases occur in all the compartments a is neither necessary 
nor sufficient, there iB either no connection at all or there is 
Plurality both of Cnuses and Effects. 

Such Plurality is in many cases certuinly not seal but 
apparent. If several causes uppenr each to result in the 
same effect, if (to use Mill's example) combustion, friction, 
electricity, can each cause the feeling of warmth, then these 
apparently different things may huve something in common 
which causes that effect: and similarly if on different occa¬ 
sions the same cause gives rise to different effects, then these 
effects may have something in common which is the real 
effect ot that cause, while the differences are to be otherwise 
accounted for. In the first case the apparently different 
causes contain something in common which is the real 
cause : in the second case the apparently identical causes are 
really different. It does not do to press this explanation of 
Plurality too far however, or we find ourselves merely re¬ 
stating the problem in other words, saying in fact that 
“what these various cnuses have in common is the power of 
causing this common effect." If a bell in the kitchen can 
be rung independently from two rooms by separate wires 
there are two causes which, at any rate for practical pur¬ 
poses, have nothing in common. Tet the scientist must 

• It is, of course, quits different from Kill's Intermixture of 
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always be on the lookout to discover something in common 
between causes which have the same effect or effects which 
have the sume cause. 

Our example will serve to illustrate ull the case of appar¬ 
ent Plurality. Let us suppose that among the antecedents 
the combination (AE) is peculiarly striking and urrests the 
attention of tho observer and thut he suspects it to be the 
cause of p. Hu does not recognise that A is part of it. He 
then gets the following Pourfold Table (Fig. 5 ). (AE) 


a * (AE) 


not a 


Plurality Cantu, a *u£Heteni but not uteutary. 

whenever it occurs is sufficient to cause p : but Beverul other 
causes, us or (AD) are equully sufficient. 

Let us on the other hand suppose that although the 
observer cun recognise A he has been led to suspect that it 
is causally connected with (pq) which he does not recognise 
to be complex p and g might be gases which he does not 
recognise but which cause an explosion when both are pres¬ 
ent. He then gets the following Table (Fig. 6). 

A is necessary to produce (pq ): yet sometimes A is fol¬ 
lowed by other effects and (pq) is absent, and he does not 
recognise that these all have p in common. 


Fio. s. 

am p not K 


3 

0 

• 1 

3 
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a = A 


not a 


Plurality of Effect* i a necessary I at not sufficient 
Finally, toinlmung thise tusib suppose that tho sus¬ 
pected antecedent is (AA), the suspected (onsequent (pq) 
We then get hig 7 


a = (AE) 


not a 


Pita altty / ofh qf Causes and Effect* « neither necessary nor sufficient. 

In this last cose we should of couise conclude that a was 
neither necessary nor fcufluient to cause *. But if as we 
examined more and more cases the prepondeinnee of them 
continued to fall into the first und last compartments we 
should suspect that neveithcless a and * were somehow 
causally connected, that is to say that Borne part of a (here 
the part A), was necessary and sufficient to ensure the 
present e of some part of « (here the part p) 


Via 7 

* » (P<?) not * 


2 

1 

1 

3 


hi a 6 


k = (////) not k 


3 

1 

0 

3 
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The Method of Agret merit and Disagreement 

These last three cases m ly conveniently be classed together 
under one method which us it h is not yet so fn is 1 know 
received a name I shall call the Method of Agieement and 
Disagiecment and I m ly in imitation of Mill, define it m 
the following Cunon 

If tuo groups of events are sink that the only invariable 
dtffeientt is the pre sence ot absence of a certain txrcurn 
stance and if each of these groups be dmded so that the 
only nuanahh diffe ienc e he tu een the parts is the occurrence 
or non uccunuuc of a certain phenomenon and if as the 
numbu of aents is increased the ratio of the parts of the 
one group dots not tend to become equal to the ratio of the 
parts of the other gioup then thn phenomenon is connected 
utth that c in uinstance by some fact of causation 

loi it thc> be not connected theie is no leison why the 
^roup containing the circumstance in question should con¬ 
tain i proportion of occuirences of the phenomenon different 
fiom tli it which is found m the other group, ind we should 
line (Iig 8) 

or 

± j = 0 ( 1 ) 


Fig 8 

k not k 





86 


The Method of Difference, and the Joint Method, are 
special cases of this Method of Agreement and Disagreement, 
und the Method of Agreement is a portion of it. The essence 
of all these methods is not that cases can be found which go 
into *r t or jt 41 but that no rases ran be foundirhtch go into # 3 or 
# 8 . In that case a high degree of probability is soon attained. 
In cases where some of the events full into r s or r a we can 
attain just an great probability provided we can collect a suffi¬ 
cient number of instances, for here more aie required. The 
number required depends on the proportion of instances 
found in and ,r 3 : for if few are found there, the ratios 
xjjt a and jrJ,r A are very different from one another and it is 
soon cleai that they are not tending to become equal. In 
this case the causal connection is close 

The problem of measuring how close it is, is a problem in 
contingency. 9 We shall see later how to deal with it in case 
ii(a), where it is assumed that below the arbitrary division 
into classes lies a continuous variation. 


Quantitative Methods. 

So far we have been considering case i where both a and 
* are simply present or absent. In all the other cases one or 
both of these is continuously variable. All these cases can be 
reduced to case 1 by means ot a standard or standards. The 
distribution of numbers in a Fourfold Tublc will now, how¬ 
ever, depend on the choice of these standards. 

■See Karl Pearson, "On the Correlation of Characters not Quantitatively 
Measurable/’ Phil Trans Hoy Soc., 1000, Series A, cxcv., 1. TJdnr Yule 
has tfuggented a certain co-efficient of association which is easily cal¬ 
culated and which he claims to be a suitable measure This assumes 
discrete " presence und absence " See footnote, page 77 of thu article. 
A controversy has raged between Pearson and Yule on this point. Yule's 
views are indicated in bis introduction to the Theory of Statistics, 
Griffin, 1912, where references to papers by himself and others are 
given In the writer’s opinion, Pearson’s views are more correct Bee 
also Karl Pearson, "On the Theory of Contingency and its Belatioa to 
Association and Normal Correlation ” Drapers* Company .Research 
Memoirs, Biometric Series, x, 1904; D. Heron, "The Hunger of Certain 
Formulas suggested as Substitutes for the Correlation Co-efficient/' 
BlometHka, 1911, vrn, 109; G. TJ. Yule, " On the Methods ot Measuring 
the Asttftciation between two Attributes/’ Jo urn. Roy. £tat. Soc., 1912. 
utiev; Karl Pearson and D. Heron, "On Theories of Association/ 1 
fiipmetrika, 1918, xx, 169. 
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As an example let us take the question of the inheritance 
of stature from father to son. Stature of course admits not 
only of standardised classification but also of real measure¬ 
ment, but it is easy to imagine cases where it might be im- 
piacticable to do more than pass a judgment tall or not tall 
- for example an explorer among savages might thus collect 
some evidence by inducing natives to compare themselves 
with him, though they might be unwilling to submit to 
measurement. Of 1,078 pairs oi English fathers and sons 
who were measured in an investigation by Karl Pearson, 
there were, if we take 6' 9J* as standurd the following num¬ 
bers of tall and not tall sons and fathers (Fig. 9). 


Not tall 


Tall 


(Tbs fractions arise through certain individuals being equal to the steadud.) 

Hero x x jx a is equal to 5*8 while x>J.r 4 is equal to about 1*2, 
that is they are still very different although a large number 
of cqbob have been examined, so that we suspect a causal 
connection, though we are not yet able to give any measure 
of the closeness of this connection, which shall he reason¬ 
ably independent of the arbitrary choice of standards. Such 
a measure will be explained later. 

The method given by Mill for studying variable phen¬ 
omena is the Method of Concomitant Variation which is the 


Fiq. 9. 

Not tall Tall 


687-26 

100-76 

209-76 

180-25 


Fathers 
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quantitative form of the Method of Agreement. In this we 
are instructed to vary the amount of a without changing 
any of the other antecedents, and to observe whether * 
varies in any way in sympathy, either directly, inversely, 
periodically, or in any more complex fashion. 

The difficulty here as before is, of course, that we cannot 
as a rule be sure thut the cases obseived differ only in tbe 
amount of a present and in nothing else. In fact we are 
usually sure that this is not no In certain sciences however 
a very close approach to this ideal can be made, namely in 
the experimental sciences of physics and chemistry. There 
we can ns a rule so manipulate the antecedents of &n occrny 
renco that certain of them remain almost constant, whim 
those to be studied undcigo lurge changes. In physics 
therefore wo attain a mathematical connection 10 between « 

• 

and *, for example we may find, say, 

a = m k. 

In the biological sciences, on the other hand, the cuse is 
very different. In these and in other sciences in which 
experiment is difficult and observation the usual method, it 
is almost impossible to change one antecedent without 
changing many other antecedents at the same time, often 
to an unknown extent. This may be, as for example in 
experimental psychology, because the antecedents them* 
selves are bound together by as yet unknown laws; or it 
may be, as for example in agriculture, because some of the 
antecedents are completely beyond our control. In such 
cases appeal has to be made to a very large number of obser¬ 
vations indeed, and the results have to be considered by a 
special method the study of which is a branch of the calculus 
of probability. 

w There will be, it u true, always some slight deviation from the 
result in an actual measurement, and appeal is again made to the 
calculus of probability In ascertaining whether the observed error is 
explicable by the remaining small unrecorded 44 chance " changee in the 
etner antecedents In careful experimenting, however, the Sevietfoos 
ere comparatively small. 



The Method of Correlation. 

This Method is the quantitative form of the Method of 
Agieement and Disagreement, just as the Method of Con¬ 
comitant Variation is the quantitative form of the simple 
Method of Agreement. I take again in illustration the 
question of the inheritance of stature in man. Stature 


Fio. 10. 

Father’s height in inches. 



admits of measurement with u considerable degree of accur¬ 
acy. Let us suppose that a large number of fathers and 
adult sons have been measured and the results put into a 
table ruled in this way (Fig. 10). For example if a father's 
height is 67 inches and his son’s height 60 inches this case 
will go into the pigeonhole marked A. Suppose now that 
the average height of all the sons is 66 inches, represented 




90 


by the cross in the lust column. Next fix the uttention upon 
the hour of G4 inch fathers, represented by the third column. 
If there is no connection whatever between height of father 
and non this column will be an oidinary sample of sons and 
the uveruge will also he about (55 inches. Similarly with 
every other column. Thus a line will go horizontally across 
the figure In the same way by taking the fathers in rowa 
belonging to different heights of son, the vertical line of dots 
will he got if theie is, as we are for the moment assuming, 
no connection between father's height and son's height. 

In the actual case, however, there is a connection; for tall 
fathers often have tall sons and short fathers short sons. The 
average of the column of sons belonging to 62 inch fathers 
would as a matter of fact be less than G5 inches, und the line 
of crosses, instead of being horizontal, would lie along the 
sloping line Bhown {Fig. 10), inclined to the horizontal at 
an angle 0. In the same way the vertical line of dots will 
in the actual case lean over irom the vertical at an angle. 
I shall show later that these angles are not as a rule the 
same, hut for tbe present let us suppose this angle also is $. 
Then the correlation factor which measures the degree of 
connection between lather's and son’s heights isr=tanfl. n 

If there is no connection,' $ und therefore r will be zero. 
As the degree of connection is increased 0 increases and 
the sloping lines gruduully approach euch other. When they 
meet 0 =46° and the correlation factor r equals unity. This 
is the usual linear physics graph in which as a rule two lines 
are not seen. But in work in which large oxtraneous in¬ 
fluences cannot be prevented the two lines are evident. They 
are known in biometry as regression lines. Fig. 11 shows an 
actual correlation table connecting father’s and son’s stature. 
It is taken from an article by Karl Pearson and Miss Alice 
Lee 13 in Biometrika II. I902-IJ p. 415. 


» Francis Galton. W» Anthrop Inst , 1808, xv, 910; JW Beg. 
Joe., 1888, xl , 49, sad 1888, xly, 185. 


’* Since I wrote this article I have discovered that Mr. tTdny Tub 
has used the same table as an illustration in his book on tbs nSocr of 
Statistics. 




For simplic ty in printing the number* m the original table in Btomtink* 
IJ02 S n 415 hart boon multiplied by four thu eliminate* and halves 

which oooui through some heights be ng half way between whole inches. 


It in interesting to look at a correlation table m greater 
detail If we tlnnk of it as \ plam horizontal surface and 
erect over the centre of each compartment i vertical lme 
proportional to the number written in that compartment 
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then the tops of those lines touch a surlnre, the “correla¬ 
tion surface,” in shape somethin# like a bell with an oval 
mouth . 13 Its contour lines are ellipses and if there is no cor¬ 
relation these are nrrnnged with their axes vertical and 
horizontal, whereas if there is correlation the ellipses lie 
obliquely 

In Figure 11 the numbers over 40 have been printed in 
italics so that this contour line can he approximately traced. 
It is seen to be almost an ellipse, and it lies obliquely. Any 
vertical section of the surface gives u bell shaped curve 
known os the probability curve. The totals of the rows or of 
the columns are also arranged in such bell shaped curves 14 
which are not usually identical with each other. It is for 
this reason that the regression angles (which we put each 
equal to 6 in our elementary discussion) are not really equal 
and 

r as sf tan 0, tan 0 2 * 

When correlation is complete the lines close up on each 
other, though not necessarily at 45°, especially where the 
qualities correlated are of different natures 

It will be noticed that I have assumed that the regression 
linos are linear and not ouived. This is in fact the usual 
case but yrhere it is not so, other mathematical devices Iihvg 
to be used . 16 The actual determination of correlation factors 
is no longer made by the geometrical method which I hove 
indicated, bnt by various formulae (of which the Bravais* 
Pearson formula 16 is the chief) and with the help of tables 
published ehieflv in Riometrika We are now in a position 

>a A model was shown at the meeting. Mr. Udny Tale, in hia 
Introduction to the Theory of Statistics gives a diagram of the ideal 
normal frequency surface iu fig 30 and indie SO he give* a diagram of 
the actual surface for the above correlation table 

14 See Figure IS. 

“A correlation ratio y is then calculated See Earl Pearson, "On 
the Theory of Skew Correlation and Non-linear Begreesion," D r ape r s * 
Company Research Memoirs , Biometric Series, n 

14 A Bravais, "Analyse mathfmatique sur lea probability dee 
erreunt do situation d‘un point," dead des Sciences, Memoir** prteentis 
par divers savants, Series n, 1846, ix, 3S6; Earl Pearson, “Begrankm, 
Heredity, and Panmixia/' Phil Trans., A. 1806, ct xxxvu. , 368. 
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to leturn to the case deilt with on puge 78 vi/ case n(b) 
where the two phenomena art continuously van tbit. but are 
only classified not meisuied The numbeis of cases which 
will appeir in the tour < ompaitmcnts of t lourfoltl Table 
will then depend upon the < hone ot st indards and a method 
of calculating the ronehtion ftetor is lequned which will 
ffive the same lesult (though not the simt uturaty) wher 
eser the standards are chostn 

lhis diagrmi i<presents such i tible 

Kiu n 



The two bell curves n present tin total distributions of 
o and k lespcctiveh ^Ye then havt 

fr, +^)~(r, + Jj ) / 2 /** u.. 

N (the total no)’ v * 

(the eroM hatched are» on the upper ourre) 

and 


(the crom hatched area on the side curve) 
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h and k (an then be found from tables, and then ir 

“<■ + £-» + c (*• -1) - « 

+ 

Tablet* have been published wbieh imke the whole opera¬ 
tion fauly e ifij For the case of fathers and son’s stature 
already given in Fig 9, for which the complete correlation 
method gives r — 0 614 ±0 015 this method gives r » 609 
to a first approxim ition 1 he probible emu in much larger 
than 0 016 

Methods similar to this have also been worked out bj 
Pearson and his students for many of the other cases given 
on page 78 18 


Tnr Mthumcai Naifrf o> Indiction a^dihv 
Inin ( ii vi Maciiint? 


It is important to notice that very often, even after the 
c ases have been idlected and arranged in a table, the worker 
is yet quite uncertain whether any <ausal connection is pre¬ 
sent But n mechanicol application of the formulae of 
correlation will tell lnm whether the cases indicate any such 
connection, how grout the connection is, and what proba¬ 
bility is to be attached to its correctness In fact, we have 
here a machinery for induction just ns Je\ons made & 
machine for deduction, 19 and it is in this sense that the corre¬ 
lation method seems to be new It is almost Bacon’s hope 
realised, of being able to make inductions mechanically 
It is easy to see how such a machine could be actually 
constructed for a Fourfold Table to indicate merely whether 
fj/jIf we arrange a kind of "cash register” 


ir Note that when r will be aero sad tamper* ptge 8* 

^Vor on excellent summary and bibliography, see W Bi 
Men dm Mearuremtnt, Cambridge, 1811 

l tpbayraoad Lully an Italian, invented in the thirteenth can 
contrivance by whioh logical notions oonld mechanically be brought 1 
combination Paeon and Descartes both aimed at inventing a genera] 
and certain method of research, and Leibnia gave much time and thought 
to the idea of a '* calculus ratiooustor ** V L*tbni§, by J T Men, 
Edinburgh 1884, p 100 
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machine with four compartments, each with a key or handle, 
it would be possible to arrange on the principle of a calcu¬ 
lating machine lhat the necessary divisions would occur 
mechanically. We would then examine case after case, and 
for each one turn the handle in the proper comportment, ond 
ns we went on the indicator above would show the values of 
#r,/.r 3 and To build such u machine for the complete 

method so ns to show r direct, and for n complex correlation 
table would be difficult, but is not inconceivable, indeed the 
series of articles and tables which Pearson has published in 
Biometrika are in effect such a machine, and can be used 
meclianicully as a recipe for grinding out inductions. 

It is unnecessary to say that even were such a machine 
perfected there would still be »ny amount of room for the 
individual intelligence in deciding upon what material and 
in what manner it was to he used, and in interpreting its 
results. Nor must it he supposed tor an instunt that skill 
in experiment and care in observation and selection would be 
any less important: it in, on the contrary, of the greatest im¬ 
portance to do eveiytlung possible to bring the disturbing 
antecedents to us constant a state us possible. I may here 
return to a point which I mentioned in passing above. It 
must be remembered that before all this mathematical calcu¬ 
lation is commenced the inductive leap has already been 
taken, that the material has been collected and the calcu¬ 
lations carried out in the light of a hypothesis which has 
already been made, and which is only being tested. This is 
undoubtedly the usual case, but the objection applies as 
much to the ordinary experimental methods of Mill. In 
other cases, however, the inductive act certainly happens as a 
result of the calculation, though it is, of course, a totally 
different thing from the calculation. 1 do not urge the case 
where the experimenter expects that a will vary directly 
with « and, on finding u negative correlation! is forced to 
conclude that it varies inveisely, for the directly negative 
may, I suppose, be included in the positive induction. But 
in calculating the correlation between a number of inter- 

7 
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connected phenomena it is rare that new connections do not 
dawn on the mind. This is particularly the case in experi¬ 
mental psychology where the interconnection of the various 
quantities measured is but vaguely understood. Often, 
indeed, n number of phenomena ure measured, and all the 
possible correlations and puitiul correlations between them 
worked out, in the hope that some definite law will crop up 
in the process. When a number of correlations have thus 
been calculated, it is possible to calculate what are called 
paitial correlation coefficient*. 20 This device hems the same 
relation to the Method of Conclution as does Mill's Method 
of Residues to his ordinary methods. Mill's fourth Canon 
runs as follows: “ Subduct from un,\ phenomenon such part 
as is known by pievious induct ions to be the effect of a 
certain antecedent, and flic lesidue of the phenomenon is 
the effect of the remaining antecedents." 

Considei a iase wheie thiee phenomena, u * and are 
suspected to he cnusnll> connected. The correlations ot 
a and k, of k and w, and <*> and a have been calculated. 
We wish then to know for example whether a and 
* ore comm ted by the same fact oi causation as that which 
joins each of them to w, or whether they aie connected 
independently by one fact of causation, while other and 
different bonds unite each of them with *>. To help us 
in this point we calculate what the correlation between a 
and k would be were it possible to keep « constant. 

The formula is 

r — r • r 

r ate <ua kw 

"•* 

I take an example from some calculations which 1 made 
two years ago on the examination results of 26 students of 
this cpllege in a number of subjects. The correlation factors 
are given in Fig. 14, (they are subject to large probable 

M G. Udny Yule “ On the Theory of Correlation for any Number of 
Variables, treated by a New Syimm of Notation/* Proc. Bott. Joe., 
Vol TO 1, pp. 188-103, 1007. 
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errors). If we now calculate whut would be the correlation 
between marks in History and Literature were ubility in the 
Theory of Education to be the same for all, we find 0*21, 
much less than the “raw” coirelation 071, showing that 
there is something in common between all three subjects. 
To a less extent this is true of nil the subjects, probably, 
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nnd at tbe time I was curious to know if this common factor 
in examination success was power of crumming. I gave 
these students, therefore, a test in rapidity of memorising 
nonsense syllables, and worked out the necessaiy correlations 
and found that this power was not the common factor, the 
examinations were testing something more than tlfis kind of 
memory. 
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Statistical Mktumis and Ini>tvidc4LITY. 

The laws winch are deteimined b> this method of correla¬ 
tion are only true u on the average ” as we say, in large 
numbers of cases. But this as a matter of fact is also the 
case with the most exact laws of physics, as Clerk Maxwell 
long ago pointed out m the case of the laws of thermo¬ 
dynamics. In biology, psychology, education*, economics, 
and the like the individual is easily observed and his import¬ 
ance not likely to be overlooked. In physics the individual 
atom or individual electron is not so eusily tracked, though 
I am told that some recent work succeeds in following the 
Might of individual electrons. But even when we examine 
the individual in say psychology we find that he himself is 
*' statistical," is influenced by countless forces, and that his 
most individual acts, as say, making a personal decision, are 
of the nature of striking an average: and 1 should be in¬ 
clined to suspect that even the individual election would be 
found to bo complex, or at any rate its individuality and 
its individual behaviour when analytically studied be found 
to depend on the coustaney of the average of large numbers 
of small factors. 

It will be seen that I consider that all .scientific lavfrs ore 
in fact statistical: for if we go behind any statistical enquiry 
to examine the individuals about whom it is concerned we 
merely destroy one individuality to create a number of 
other individualities which are themselves in due time found 
to be statistical in nature and to demand further analysis, 
and to this process I cannot see that then' need be any end. 
I suppose it is from the desire of keeping under continued 
observation one individuality as such that the need of a 
synoptic view arises, about which Dr. Mers in recent papers 
has spoken. But even though the process bo endless it is 
4 nevertheless the problem of science to carry it out; and it 
happens that in heredity— from the study of which I have 
taken my examples- a step behind the statistical view which 
has been considered in this paper has already been taken. 



90 


The Galton School, using the methods of correlation, is 
studying the average. The Mendel School, on the other 
hand has come upon a law dealing with comparative units of 
inheritance. Perhaps os our knowledge of Memlelian units 
increases, it may become possible to explain by their random 
combination the average results which aic being measured 
by the biometricians, much as the laws of mechanics applied 
to individual atoms explain the properties oi matter in bulk. 

Conclusion. 

Plurality of Causes is probably, and Plurality of Effects 
is almost certainly, only apparent and is due to our inability 
to analyse: but as to analysis there appears to be no finite 
end, so this plurality never run disupjieur, and the Methods 
of Agreement and of Difference, and the Joint Method seem 
to be applicable strictly speaking to abstractions only, never 
to actual things. To these the Method of Agreement and 
Disagreement, a wider und more definite foim of Mill’s 
Empirical Method (which it includes) has to be applied and 
in its quantitative form this becomes the Method of Corre¬ 
lation. The Method ot Agreement and Disagieement in¬ 
cludes all the other qualitative methods as special cases and 
corresponding to these on the quantitative side aic different 
problems in the Theory ot Correlation on which much mathe¬ 
matical labour has been expended during the past ten years, 
leading to important extensions of the Theory of Probability. 
The result of this has been the publication ot formulae and 
tables which make the testing of inductions a mechanical 
proceeding. The inductive leap itself is of course not 
mechanical, yet the readiness with whirh suspected causa¬ 
tion can be tested is a greut incentive, und the process of 
testing often suggests new ideas. The new devices are a dis T 
tinct advance and are the weapons by which induction is 
conquering new and difficult regions, and as such they will 
doubtless appear in good time in the text books of logic. 
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Deforestation in Ancient Greece. 

Uy Maurice S Thompson, M.A 
[Bead May 15th, 1013 ] 

In considering the conditions under which ancient Greek 
civilisation lose and declined, one of the most important 
questions to he decided concerns the actual state or even 
appeurunco ot the land itself/ Was ancient Greece as poor a 
country as Greece is at the present day or were the hills that 
are now barren then coveied with soil and trees, uml the land 
as a whole in consequence fertile instead of being, as it is 
now, one ot the poorest on the imji thorn shores of the Mediter¬ 
ranean sea Y And if ancient Greece wus fertile and well 
forested while modern Greece is not, when and why did the 
change occur Y Wus it gradual or rapid and can it be shown 
in any way to have affected the development ot civilisation Y 
That some change has taken place is apparently usually 
admitted, but the diffeienee between past and present 
is cither consideied to lie slight or of little consequence; ul 
least iu most discussions of ancient Greek economic condi¬ 
tions it is almost completely ignored. The present paper 
makes no pretence of attempting a definite or conclusive 
answer to the questions piopounded ubove; ut best it offers 
a few suggestions on u somewhat obscure and neglected 
subject. 

It is perhaps necessary at the outset to realise what the 
pieseut condition ot the country is, especially as in many 
accounts its natural poverty seems often underestimated. 
The gteut vuriety in crops and vegetution possible in any 
mountainous land in a warm climate is especially marked 
m the case of Greece where plains may vary in elevation 
os much as 2,000 feet, and arable land even to a greater 
extent. This variety at flint sight is liable to be mistaken 
for abundance and wealth, which is a very different thing. 
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For example, a village in Aetolia may produce within it* 
small territory, tobacco, vines, olives, figs ami corn, and ot 
corn perhaps have two harvests with h six weeks interval 
between them and yet at tlie same time be jioverty-Htricken 
and continually short of food supplies. The poverty of the 
lund to-day is far from being entirely due to lack of develop¬ 
ment and bml farming, though much could be done to 
improve it According to statistics (i4 per tent of the whole 
country iH barren, that is to say .it best it grows scattered 
tufts of u prickly scrub which affords sustenance for goats. 
About 8 per cent, is occupied by pasture, about 18 per cent, 
is under the plough though pint of this area is almost more 
stones thun soil. The remaining 9 per cent, is nominally 
under forest, but only a portion ot tins grows trees of suffi¬ 
cient size to be of use for timber, and even wlieie the trees 
are large enough the great difficulties of transmit in the 
hills renders them hugely useless. 1 The geneial lack of large 
and useful timber is seen in a variety of ways: the use of 
largo scaffolding in building is caietuUy avoided; sheds are 
commonly ot suudried mudbrick except in a few favoured 
localities; the small wooden pegs used by the cobbler* to 
sole boots instead ot nails aie frequently impoited from 
Austria owing to the lack of hard wood of any kind 

What the country needs at piesent to make it teilile is 
soil and frees on the hills unil mountains, neither of which 
is possible without the other. Trees on the hills might 
perhaps increase the rainfall, but they would without doubt 
hold up the soil on the slopes, elieck denudation and prevent 
the winter ruins pouring off the lund into the sea befoie the 
soil ean benefit. 

No one who is acquainted with the noithorn part of 
Pindus where the forests still survive can have failed to 
notice how closely deforestation is followed by the denuda¬ 
tion of the hills. Some of the villages in that district just 
to the north of the Thessalian frontier subsist very largely 

1 Aristotle** ideal city had to he easily aeoeesfble for the carrying of 
Umber. Pol. nr.# 6. 
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4 

on trading in timber. The inhabitants of one of these 
began to cut the woods on the mountain slopes directly 
above the village. In a very short time the side of the hill 
began to slip away, streams that had hitherto flowed harm¬ 
less down ihe village street increased in sise; one cut out for 
itself a large ravine uud swept away a group of houses. The 
damage was sufficiently great and the cause sufficiently 
obvious to induce the village to act on its own initiative. 
Wood-cutting above tbe village was stopped, replanting was 
tried and gouts and sheep kept out. By these measures the 
immediate damage lias been checked, but the ravine ia still 
gradually increasing in sire. ( r nless the village had fortun¬ 
ately happened to be in the way, the wood-cutting would 
have continued, and there is hardly the slightest doubt that 
by this time the whole hillside would be bare. Deforestation 
in the hills- -in the plains it is u different matter—is in 
Greece followed by denudation in a very few yeurs. Then as 
soon as the hills uie hare of soil the pluins in their turn 
suffer by the rush of wuter from the hills. There is no place 
in Greece excluding a small urea in Thessaly which is as 
much as 10 miles from a mountain, niul a chaiucteristic of 
Greek mountains is their steep lower slopes uud general lack 
of foot hills, features which help to increase the rush of 
waters on to the plains. 

Information on the question of deforestation uud denuda¬ 
tion in the past is from the very nature o£ the case hard to 
acquire. The evidence such as it is may conveniently be 
divided into archaeological, literary und geological, and 
though in many respects it is udmitledly slight, nevertheless 
it seems to show first that there once was a time when Greece 
was a well forested and fertile land, and secondly that the 
effects of deforestation and denudation had become a serious 
economic question by the beginning pf the fourth century, 

B.C. 

In the prehistoric age northern Greece, and Thessaly in 
particular, was inhabited up to the end by a people who were 
still in a low state of civilisation. The northern part of the 
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country in fact never came under the full domination of 
Mycenean civilisation so prominent and extensive in the 
south. In Thessaly either in the plains or at the edge of 
the hills over 60 settlements of these primitive people are 
now known, but all these sites aro to the east of an imaginary 
line drawn north and south through the modern town of 
Kardhitsn and in the plains west ot this line no early remains 
have yet been discovered. This cessation ol human habita¬ 
tion in the plains about 10-15 miles short of the range of 
Pindus which forms a natural boundary requires some 
explanation and the simplest solution of the problem seems 
to be tliat we have here the limits of a torest belt that has 
long since disappeared. 2 

In south aud central Gieeee where Mycenean civilization 
flourished in the prehistoric period, the distribution of site# 
is not neurly so clearly defined; nevertheless it is noticeable 
thut the Mycenean sites as u whole cease at a lower level and 
keep neaier to the plains than the lutoi Ilellenic Hites and 
that these in turn cease at a lower elevation tliun the villages 
of a still later period Thus as time went on the sites of 
habitation have extended upwards In the earliest times 
there seems to have been an objection to living m the hills, 
and in the cuse of Thessaly to living in a certain part of the 
plains, and this objection seems gradually in comae of time 
to have been removed. Here again it seems probable that 
the extension of the inhabited area followed the retreating 
forest line. To this generalisation that upplies to the main¬ 
land especially, the island of Crete is an exception. Early 
sites in Crete are found at a considerable elevution; but 
since Crete was civilised centuries before Greece itself it ie 
only natural to suppose that the forests would decrease there 
at a correspondingly earlier period. The exceptional posi¬ 
tion of Crete helps to confirm the rule. 

Apart from their distribution the remains of the Mycen- 
ean age are evidence in another way. The reconstruction for 

* PrtkUtoric Thetsaly, Warn and Thompson, p 6, Cambridge, 1013* 
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example of any of the great Mycenean palaces would at the 
present day involve the importation of timber. UeuniH of a 
sufficiently large size could hardly be procured in the country. 
They might perhnps be found in northern Pinilus, but even 
so for purposes ot turns port would have to be hewn into small 
logs or plunks. The Myceneun palace assumes a better 
supply of timber locally thun now exists. Passing from 
the remuins of the Myceneun age to those of the historical 
period we are led to u similar conclusion. The architecture 
of a Greek temple is clearly derived from a wooden prototype 
even iu its minute details. Thus the row of guttue are the 
wooden jiegs converted into marble 01 stone, and the external 
painting of the marble temple probably goes back in origin 
to the wooden originals. That not only the prototype of the 
Greek temple was ol wood, but tlmt wooden temples once 
existed in Greece is beyond question. The early temple at 
Thermon was hugely of wood but the best exumple is the 
temple of lleru ut Olympia a building of a large size which 
though luter of stone in its earlier stages was of wood. When 
excavated it uus noticed that its columns were pluced at an 
unusually luige distance apart, and that no two were exactly 
alike or seemed to be of the same period nor wus any trace of 
stone woik above the columns lound at all l’ausunius 3 in 
his account of this temple recoids that in his time one col¬ 
umn was ot wood. This confirms what might otherwise have 
been ussumed fioiu the differences between the stone columns 
and the large space between each, and the theory is usually 
accepted that this temple was originally of wood and that as 
the wooden columns decuyed they were unplaced by stone. 
The last wooden survivor seen by Pausanius was as might be 
expected in the interior and so not exposed to the weather. 
The question ot interest is why did the Greeks in this most 
inartistic way patch a wooden building with stone? I sus¬ 
pect the answer is that beams of sufficient strength and 14 
feet in length, which is the height of the columns, could not 


Pww. v., 16 . 
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easily be procured. Timber oi a large size was difficult to 
obtain. The few Byzantine and Mediaeval buildings that 
survive in Greece show an economy ot woodwork greater 
perhaps than the buildings in the north ot the peninsula. 

In using literary evidence for the appearance ot ancient 
Greece in one respect in particular considerable caution is 
needed. Descriptions of scenery which ure for our present 
purpose most valuable are apt at tunes to he most mislead¬ 
ing, for the particular pluce described may not lie typical of 
the country and in many cases veiy probably is not To illus¬ 
trate this by what I strongly suspect is an example The one 
place in Greece which appealed us scenery to the ancients 
was the vale ot Tempe, 4 and yet us a locky gorge it is infer¬ 
ior to many in Greece. It so happens, however, that Tempe 
is the one pluce in Greece to-day that appeals strongly as 
beautiful to the ordinary Oieek peasant, and the attraction 
at the present day is admittedly due to the tact that there 
can be seen theio even m summei green grass, huge trees 
and a liver with water in it. In short, Tempe is liked to-day 
because it is typically not Greek. Whether this was the case 
or not in ancient times, it is impossible to say; but it is quite 
probable it was At all events descriptions of scenery are 
liable to be misleading. The numerous epithets and similes 
referring to mountain woodland in the Homeric poems sug¬ 
gest at least to myself a fcitile and wooded Greece. 6 Flocks 
and herds are common in Homer and Homeric food supplies 
are u striking contrast to the meagre vegetarian diet of 
Plato’s Republic. This difference is of some importance as 
it is not solely explicable by the increase ot ugrieulture at 
the expense of pasture land, since the two iii Greece except in 
the case of the fields left fallow hardly overlap. To banish 
agricultuie from Greece to-day would only mean an increase 
of winter pasture, on increase of summer pasture would re- 

4 Pliny, Nat. Hist ,, iv., 8. Of. Lby, xuv , 0 . Herodotus* internet 
is geological. 

* It seems useless to give a list of instances, which, taken singly, are 
of little weight. Of. Browne, Homeric Study, p. 125, and Geddee, 
Problem of tfcs Homeric Poems, p. 260. 
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quire soil on the hills. One passage in the Iliad bj itself is 
almost decisive. 

# M At the time when the woodman weary of felling tall trees makes 
ready hu rnoal then did the Ach aeons oh urge through the ranks . . 

If it be assumed, us apparently it usually is, that these lines 
were intelligible to the Homeric audience, and that they 
knew what time ot day was intended, it follows that Homeric 
Greece was iur and away more wooded than Greece is at 
present. 

In contrust we may turn to the account of Attica at the 
opening of the Critias; it is a comparison between what 
Attica wus in Plato's own day, the end of the fifth and begin¬ 
ning of the fourth century, and as he supposed it to have 
been at the time of the mythical war of Attica and Atlantis 
which happened 9,000 yeuis before his time. 

“ The consequence is that, in comparison ot what was 
then, there are remaining only the liones of the wusted body, 
us they may be culled: in the case of the smull islands all the 
richer and softer parts of the soil have fallen away and the 
mere skeleton of the land is left. Hut in its primitive slate 
the mountains were high hills covered with soil and the 
plains were full of rich eurili, and there was abundance of 
rich wood in the mountains. Of this the last traces still 
remain, for ulthough some of the mountains are now only 
sustenance tor bees, not so very long ago there were still to 
be seen roofs of timber cut from trees growing there, which 
were ot sufficient siae to cover the largest house: and there 
were also other high trees cultivated by mAn and bearing 
abundance of food for cattle. Moreover, the land then 
reaped the benefit of the annual rainfall; not as now losing 
the water which flows off the bare earthy into the sea, but 
having an abundant supply in all places and receiving it 
into itself and treasuring it up in the loose cloy soil, it let off 

* Iliad xi., 96. Tbs usual text reads * Ssenw* but ^enodotus read 
‘ Mpra*’—the time of this meal seems to have troubled thr com meats* 
tors. 
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into hollows the streams which it absorbed from the heights 
providing everywhere abundant fountains and rivers: of 
these sacred memorials may still be obBeived, in places 
where fountains once existed: and this proves the truth of 
what I am saying/* 7 

The main points of interest in Pluto's account of Attica 
are these: that the deforestation and denudation are directly 
and rightly connected and that both are thought to be 
recent, the remnants of the old forests ore in fact remem¬ 
bered. From this passage we may therefore conclude that 
by the time of the 5th century deforestation had become a 
serious question in Attica. This date may perhaps be con¬ 
firmed by certain archaeological evidence. The Pentelie 
marble quurries were not worked until the 5th century; were 
they only discovered nfter the trees had disappeared P The 
account in the Critins excepting the reference in it to still 
greater denudation in the islands only refers to Attica, and 
there are several reasons for suspecting that Attica was 
more liable to suffer from deforestation than other parts of 
Greece. Achnniae was a well-known centre of charcoal 
burning, a most destructive trade and the silver mines of 
Laureion must have been a severe drain on any local supply 
of timber. The evidence theretore for Attica cannot be 
taken as applyilig equally to the rest of Greece. 

The Homeric Ilymn to Apollo, which unfortunately 
cannot be accurately dated, jrreserves the tradition that 
forests once covered the Theban plain, though when the 
poem was written they had censed to exist. 8 At the time of 
the siege of Plntaen in the latter part of the 5th century we 
hear of timber 1>eing cut on Citlineron® which still possesses 
some trees. There is reason to suppose, however, that even 
in the 5th century this supply was strictly limited or of a 
poor quality; for Theopompus describes how during the 
Peloponnesian war the Boeotians acquired wealth by carry 
ing off wooden beams from the abandoned houses in Attica 

f CritUu, m , Jowett Trans. 1 Horn Hymns in., 327 • Thvo. n., 
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This story lina further point when it ia remembered that the 
inhabitants of Attica on leaving their houses and retiring 
into Athens took with them nil the wood work they could. 10 
Purnassus, which in Homer is forest chid, like Cithneron still 
jmssesses some woods, but by (lie fourth century the A ,timber 
from there wns considered among the worst in Greece. 11 
Among places where trees existed in antiquity hut which 
now are completely hare are the plain between Tegea and 
Mnntinaea, 13 and the region round Thuumnki. 13 Fioni the 
fifth century onwards timber tor shipbuilding was difficult 
to find within Greece, and tlie best came from Mucedonia, 
Thrace and Pont us. Thucydides notes that the loss of 
Amphipohs deprived the Athenians ot a source for timber, 
and the dependence of the Greeks on Macedonian timber in 
the fourth and third ceil4lines is noticed frequently. 14 

An inscription touud at Olynthus ot a treaty between 
Amyntus TIL and the Chuicidians 15 regulating the import of 
timber and especially of pine illustrates the great importance 
of the Macedonian forests. Theophrastus, who gives a list 
and some account ot the best places tor ship timber, places 
Macedonia first, Ponius second, Hh^nducus third; then 
comes the timber from Greece, of which thul from Parnussus 
and Eubmu wns the worst, the Arcadian timber slightly 
better and that from the Aenianes the best. The quality of 
the wood used by the Greeks for shipbuilding was probably 
not high. The ancient Greek ships w*ere not meant to face a 
storm, under normal circumstances they never put to sea in 
winter, and even so they had constantly to he repaired. 
Even the Athenians at the height of their naval supremacy 

'■Thuc n., 14. 

11 Theophrastus, Hist Plant . iv,, 6, 6; v., 2, 1. J, Paus. vm., 11. 

11 Livy xxxvi , 14. The Laconian Asia© seems ones to have hod 
forests Leake, Morra i., p 436. Thuc iv., 13. 

14 Thuo. iv , 103. Xen v., 11,16. Diod. xx., 46. Plutarch, Demote, 
10. Demos xux,, 26; xtx , 266 Cf also Hdt v , 23. This list la fay no 
means complete 

11 Dittenberger Sjllogc 3 No. 776«Hioka, Bitt. Qreik Inscrip*, 
No. 74 n 
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could not supply their troops at Pylos throughout the winter 
months. 16 

Not only timber for ships laid been obtained outside 
Greece: the Eleusiniun inventor> records payments made to 
sawyers of Macedonian timber, and refers to squared logs 
from the same locality. 17 

Details ot the ncntfoldiug used lor the Parthenon and 
Propyltea are not known except that pains wcio taken to 
sell it off when done with and this alone suggests that wood 
for scaffolding was rare. 

In a certain number of cases there is definite evidence for 
changes in tlie const line having occurred within historical 
times, and other geological changes within the same period 
seem also to have happened in some ot the valleys and plains. 
How tar any of the examples piven below’ may be due to the 
denudation of the bills must be left for geologists to decide. 
It is unfortunate that Greece as yet from the geological 
standpoint has not been fully examined. 

Since the days of the battle ot Thermopylae the silt 
brought down by the SpcrclieuN has added about *'10 square 
miles ot land to the coast ol Malis, and Theimop\lic as u 
narrow’ pass lias now ceased to exist. If would be interesting 
to know whether the rate ot increase W’un as rapid before the 
fifth century as it has been since. The existence of pre¬ 
historic settlements which dale from about 2,000 H.O. and 
probably were never on the coast, near to the village of 
Amuri, not far from Lianoklodhi, may perhaps help to solve 
this question. 

The rapidity with which the const line in south 
Acnrnanin was increasing during the fifth cehtury owing to 
the silt washed down by the Aclielous was noticed both by 
Herodotus and Thucydides. 1 * 1 In both these cases denudation 
of the interior seems to be implied. 

,# Time, rv., 37. 

Greek navigation is generally vastly over-rated It in possible to go 
eo far by coasting voyages in the Aegean that the open sea was not 
attempted The incentive of deep eea fishing is also lacking 

u Dittenberger* op. w , 687 ** Hdt. n. f 10. Thnc n , 103. 
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Iii Phocis in the Cephissus valley which leads into lake 
Copais some change may be suspected Ihe classical sites 
are it the sides of the valley on the bottom slopes of the 
lulls but by Chaeronei there is an early pre historic site m 
the centie ol the \alley in a position now often flooded out in 
winter In the pro histone ige the waters of Lake ( opais 
used to flow out into the sea opposite Euboea through a 
number of natural tunnels Tins nntuml system of drainage 
was not entirely sitistncton for before the end of pre 
historic ngc the waters of the lake were controlled by a 
system of stone dykes At u later period the tunnels became 
bloc ked and inefficient and the dykes in consequence became 
useless or else were neglec ted 1 he precise effect on the area 
of the lake except that there were floods is obscure but an 
attempt nos m ule to drain it in the fouith centurv bv ( rates 
i mining engineer fiom (Inlcis 10 ITussuIn Iso prevides 
an examph of 1 kes having i hanged their si/e In Strabo s 
time Boehus wis much small*i thin Nessinis U present 
the revise m the case The sm ill isluid of Pflliurm since 
c lassie nl times has 1 een joined to the next isle by a bank of 
mud 00 

lo sum up in conduMcn the vinous suggestions mad* 
abo\e In the fust plicc it is extremel> hard if not 
mipcssible to imagine anj greit < mlisntiou developing in 
« luid as bmen and unfeitile as Greece is now There is 
m a prt rt rise for some clnnge hn\mg occurred From 
certain uclnec logic al evident* moietver it appeared that 
though in enrh times Greece seeins*to fiti\e been well 
forested the suppH of timber later began to fail The 
literary evidence on the question also points to a similar 
conclusion The Homeric poems suggest a fertile and well 
treed country the k counts of the fifth and fourth centuries 
indicate clearly the opposite the old forests are still dimly 

* Strabo 407 It u now drained by canals 

H Fans n 38 Of Leake Morea n p 450 I have seen it stated 
bat cannot recall where tbit a shoal by Hydra seems to hate been 
formed by the denudation of that island 
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remembered, but the land in parts at any rate is already 
suffering severely from lack of woods and denudation, and 
tor large timber is dependent on Macedonia and Thrace. 
The Greece of Plato and Aristotle is in fact not so very far 
removed from the Greece of io-duy Notice, for example, 
the food supplies, and the regulations about water. Lack of 
food is assumed by Plato to be a normal cause for sending 
out a colony. The idea of a self-supporting town has become 
nearly incredible; for though the city in the Politics is said 
to be ** self-sufficing,” yet like the city in the “ Laws,” 
it has “ a little of most things but not abundance of any/* 
Dependence on foreign supplies, though in theory detested 
by most Greek philosophers, is admitted in their Eutopias. 
The mention of forest guardians among the officials in the 
Politics is by itself significant: forests are never looked 
after till they have mostly disappeaicd. 21 

The date suggested for the time by which denudation 
and deforestation had become a serious question, corresponds 
with the beginning of the decline of Greece and although 
political failures Were the chief causes, the increasing 
poverty of the land itself may have had some effect. Some 
economic reason seems to be needed io explain why the 
Greek cities outside Greece continued to prosper after those 
in Greece itself had almost censed to be of any importance. 
It also happens that Thessuly which became important late, 
continued to be so after the rest of Greece, and in the fourth 
century Thessaly alone of the Gieek states wus exporting 
corn* 2 Now Thessaiy is a region thut can only suffer from 
denudation to a very limited degree; it consists of a plain 
surrounded by hills through which there is only one outlet, 
the valley of the Peneus. The Peneus also does not drain 
all the* plains. Thus the soil of Thessaly m safe for all time. 

As to why the forests perished various reasons may be 
given. It has several times been suggested that within 

n Of in particular, Politic*, xv , 5 and 13 Low*, m, 704, 706*404. 

M X*a t JMI., vi,l*U. 

6 
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historical times the climate of Asia has become considerably 
drier and « similar change may have occurred in the Aegean 
as well. 23 Unfoitunately there is insufficient historical 
evidence to test such a theory thoroughly for the region 
where it lias been mainly applied. Moi cover, in connecting a 
climatic change of this kind with deforestation, the question 
at once arises ns to which is cause, and which effect. The 
destructive capability of mankind seems by far the most 
probuble solution. Reckless timber cutting without replant¬ 
ing, and replanting by itself is of little use in a goat country; 
the increasing demand for wood for shipbuilding and above 
all for mining; forest fires casual or otherwise and the 
destruction of woods for military purposes 24 have all to be 
considered. Outside Greece there i& ample evidence for 
rapid deforestation on a large scale by human agency; for 
example as late as the Kith century many of the hills of 
Castile were under forest Lastly the fact that the most 
thickly wooded parts of Greece are those which in the past 
were most thinly populated argues that man has been the 
main cause rather than climatic change., 


" Some suggestions on this point may be found in The M#HUrr*ntau 
Pilot. 

14 Xerxes destroyed woods in Macedonia, Hdt. vn. # 181. The wood 
at Pylos was fired by mistake, Thuo. rv\, 80. 
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Colour Ciiakges^in Colloidal Gold. 

By 8 H Loire, B Sc. 

[Head Hay 10th, 1918.] 

I \THonrrriow 

The existence of two gold colloidal solutions has long 
been known One of these is red and the other blue. The 
distinction between these two colloids has been examined by 
Lumpu. 1 This investigator centrifugulised vurious solu¬ 
tions of colloidal gold and from time to time investigated 
their absorption spectin by means of a speetial photometer. 
He found that the tiunspaiency of the solutions towards ml 
increased m much greater propoition than the transparency 
towards blue duiing the time the solutions wcie centrifu¬ 
gulised Since the process ot centnfugalisation brings about 
the deposition of laiger particles, he concluded that in red 
colloidal gold solutions the particles were smaller than in 
blue solutions. 

The object of this paper is to study colloidal gold solu¬ 
tions further, particularly from the point of view of colour. 

EXPERIMENTAL WORK. 

Colloidal gold solutions in water were prepared by the 
new high frequency arc method, 2 this method is particu¬ 
larly suitable for the preparation of colloidul solutions as it 
lends itself to a great variation of conditions, such os a 
change of voltage, amperage, frequency or arc-length of the 
arc burning under the solutions in which the colloids are 
prepared. By variation of the electrical conditions three 
colloids of gold could be prepared. These were respectively 

l Akad. Wit *. Win. Sit*. Bar. 

9 Pro c. Vniv. Durham PhU. Sac., 1913, v., p. 68. 
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red, blue and purple in colour. The one most commonly 
prepared was purple. These solutions were then subjected 
to 100 volts in a Hardy tube. This piece of apparatus con¬ 
sists of a large U tube which is partly filled with distilled 
water. Platinum electrodes dip into the topB of the arms of 
the U tube. By means of a third tube fitted with a glass 
tap and sealed into the bend of the TJ tube the colloidal solu¬ 
tions were allowed to flow into the apparatus rising to an 
equal height in either arm of the IT tube. If the colloids 
were allowed to flow in slowly and carefully, one obtained 
a quantity of colloid in the bend of the tube separating 
two columns of distilled water which stretched to the plati¬ 
num electrodes. The surfuce of separation of the distilled 
water and colloid was distinctly visible, and even when 
motion of the colloid took place, this surface of separation 
persisted. 

When the colloids were placed in the Hardy tube and 
subjected to 100 volts, the following results were observed:— 

(1) The blood red colloid of gold moved wholly to the 
Kathode in about 0 minutes. 

In allowing this action to continue for about 16 
minutes there was a gradual transference of the solution 
from the Kathode arm to the Anode arm accompanied 
by a change in colour from red to purple and finally to 
blue. When this action was allowed to continue for 60 
minutes it was noticed that all the solution had chupged 
from red to blue, and from the Kathode arm to the 
Anode arm. 

(2) The deep blue colloid of gold moved wholly to the 
Anode, and although it was allowed to stand under the 
action of 100 volts for 120 minutes no further changes 
were observable. 

(3) The purple solutions of colloidal gold had a double 
action showing them to be really a mixture of the red 
and blue colloids. The purple colloids divided into red 
solutions which ascended the Kathode arm and blue 
solutions which ascended the Anode am. 
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On allowing the action 'to continue for some 30 
minutes, it was noticed that the Kathode tube became 
more feeble in colour while the colour in the Anode tube 
became a denser blue Alter 00 minutes the Kathode 
arm of the Hardy tube was practically colourless; while 
the Anode arm was a much deepei blue colour. Although 
the action was allotted to continue for 120 minutes, no 
further changes were observed. 

A quantity of red colloidal gold was taken, and into it 
a very minute quantity of common salt was placed. This 
caused a gradual change in the colour of the colloid from 
red to blue. 

These results are in agreement with those of Blake.* 

By a vamtion of electrical conditions the following col¬ 
loidal solutions were piepared and placed in Jena glass flasks 
to minimise any action occurring between the colloid and the 
glass as might have been the case if ordinary flasks had been 
used. After standing for some three months the following 
results were obtained. 


Colour InunadUtely on 
B*»pftrftUon 

Cotoar After standing 

S days. 

Colour after standing 

I Months 

Faint Reddish Purple 

Bluish Purple 

Blue and no reddish 
oolour visible. 

Red 

Reddish Purple 

Blue. 

Reddish Purple 

A strong Bluish Purple 

A Deep Blue. 

Very Deep Blood Red 

Bluish Purple 

A very intense Blue. 


Here again the change is probably due to the presence 
of an electrolyte which dissolves out of the Jena glass. 

Theory ov Experimental Results. 

The explanation of these results is based on facts put for¬ 
ward by 

• Aster. Jo um Science, 16, pp 438441, Dep1808, 
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Helmholtx (W ied. Annul*n VII., p. 337,1879. Mem¬ 
oirs Lond. Pliys. Soc.), 

Lamb {Hrit A *■«*-. Hrp., 1887, p, 496), 

Noyes (Jaunt. Amer. Chem. Soc., vol. XXVII., No. 2, 

p. 86), . 

Burton (Phil. May., April, 1906, p. 425). 

Whitney nnd Blake (Jour. Amer. Chem. Soc., xxvi, 1339, 
1904), after working on the movement of colloidal particles 
in an electric field concluded that the direction of motion of 
the colloids depended upon the associated ions. 

The colloidal gold solutions used in tins woik were pre¬ 
pared in water. In this liquid we have two kinds of ions 
present, namely (OHl* ions and (TT) + ions: Thus we ought to 
be able to form a double series of colloids of gold in water 
one in which we have charged gold particles possessing a 
negative charge and associated with (H) + ions and the other 
in which we have positively charged gold particles associated 
with (OH)“ ions. 

Prom the experimental results obtained, the following 
conclusions were drawn • — 

(1) Red colloidal gold in water is associated with 
the (OH)“ ions and moves to the Kathode. In this solu¬ 
tion the particles are very small. 

This colloid may be leptesented by the formula 
n.Au + + H+OH- - Au+(OHr + (H) + 

We muy consider the ubove thus. Depending 
upon the conditions under which the gold was dispersed 
under the water, a group of particles received a positive 
charge and on entering the disperse medium became 
associated with the negatively charged (OH) ions form¬ 
ing a gold-hydroxyl aggregate. This by a slight 
displacement may be looked upon as a group of gold 
particles surrounded by an atmosphere of hydroxyl ions. 

(2) Blue colloidal gold in water is associated with 
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the (H) ions and moves to the anode In this solution 
the particles are larger than in the case of red colloidal 
gold. 

It nuiy be represented by the formula 
n.Au~ + H + OH“ = Au-(9; + + (OH)” 

Again in this case, we may consider that uccording 
to the conditions ot dispersion, the gold particles have 
received u negative charge. On entering the disperse 
medium they have become associated with the (H/ ions 
forming the aggregate Au^(H) + which on alight dis¬ 
placement may l>e consideml as a group of charged gold 
particles, negatively charged, and mu rounded by an 
atmosphere of positively charged hydiogen ions. The 
number of attached ions to the aggregate will depend 
upon the ehurge possessed by the group of gold particles. 

(3) Purple colloidal gold is simply a mixture of the 
ml and blue colloids, and the different shades of purple 
depend upon the proportion of red to blue present m the 
purple solution. 

(4) The more stable form of gold colloid is the blue, 
and the red may be changed to blue by two actions, 
namely: — 

(1) Action of an electrolyte. 

(2) Action of an electric field 

Further experiments were done on this work as follows: 
A blood red solution of colloidal gold was placed in a cell 
as used in work on absorption spectra. Into this cell two 
platinum electrodes dipped and these were connected to the 
100 volts supply. The absorption spectra were photographed 
every two minutes, each exposure being of 30 seconds dura¬ 
tion. In this way 9 spectra were obtained. During the time 
these spectra were photographed it was observed that the 
colour of the colloid changed from blood red to a deep blue. 
This colour change set in after the colloid had been subject 
to 100 volts for about 5 minutes. The action was allowed to 
continue for 60 minutes. At the end of this time the colloid 
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was precipitated as a deposit of very fine dark particles. No 
further colour changes were, however, observable. 

The spectra showed the following results: — 

While the colloid was red the spectra showed a large 
absorption band extending throughout the orange region. 
As the colour changed to purple this band gradually nar¬ 
rowed down und the edges became more sharply defined. 
When the colloid was blue in colour the absorption band 
was only about one-sixth as long as when the colloid was in 
the red stage and the edges were very sharply defined in the 
blue condition. 


Summary. 

(1) lied colloidal gold is an aggregate consisting of 
positively charged particles surrounded by hydioxyl 
ions, these latter being slightly displaced so as to form 
an atmosphere about the ioriner. 

(2) Blue colloidal gold may be considered to be un 
aggregate of negutively charged particles surrounded by 
positively charged hydrogen ions, these being slightly 
displaced so as to form an atmosphere about the charged 
particles. 

(3) Purple collodial gold is a mixture of the two 
previously mentioned colloids, und the various tints of 
purple depend upon the amounts of red ’or blue present. 

(4) The more stable form of gold colloid is the blue, 
and the red may be changed to the blue by the action of 
(1) Electrolyte (2) Electric field. 

In conclusion, l wish to thunk Professor Stroud for 
his kindly interest in this work. 

My best thanks are due to Mr. H. Morris-Airey for sug¬ 
gesting the original work on colloids, from which the present 
paper was one development. 
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A Method of Correcting the Colour Sensi¬ 
tivenes s of a Photographic Plate used 
in Spectro scopy. 

By H M(ma-At»w, M So., and S. H. Lose, B 8a. 

[Bead May 10th, 1013 ] 

The sensitiveness of a photographic plate for light of 
different wave-lengths is in general not the same, but Bhows 
a marked selectivity for certain regions of the spectrum. 
An “ ordinary ” plate usually has its maximum sensitive¬ 
ness at about 4,600 A, and the total range of the spectrum 
for which it is sensitive does not extend more than 500 A. 
on either side of this. By bathing the plates in various dyes, 
which in generul have a reddish colour, the range of sensi¬ 
bility can be extended to cover the range from 3,000 A to 
7,000 A. During this range the sensitiveness is, however, far 
from uniform, and may have very pronounced maxima and 
minima. The result of this is that the spectrum of a con¬ 
tinuous source often shows a banded appearance like an 
absorption spectrum. The application of the Bunsen Boscoe 
law then leads to an erroneous estimate of the distribution of 
the energy in the spectrum of the radiating body. In 
photographing line emission spectra this defect is not a 
serious one, but it may become very disturbing in the case 
of absorption Bpectra. The irregularities of the sensibility 
can be smoothed out to some extent by using suitable filters 
such as Aesculine, Picric acid, etc., but none of these com¬ 
pensate the plates sufficiently for absorption spectra work. 
A more successful method of correcting the sensibility of the 
plate, which we have recently used, is to place in front of the 
plate a screen whose transparency is graded so as to reduce 
the intensity of the light at those parts of the plate where the 
most active wave-lengths are falling. 
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Such a screen cun be mude photographically, by exposing 
a plate of the same make as the one to be corrected, to the 
spectrum of the light which is used for the source in the 
photography of the absorption spectrum. The negative thus 
produced does not show a uniform dark' bund, but where the 
least uctive wave-lengths have fallen theie is little or no 
blackening. Thus the negative presents a series ot light 
and dark hands, tile dark* bands being produced where the 
most uctive wave-lengths have fallen, and the light bands 
where the least active wave-lengths have fallen. When this 
negutive is used as a screen in contact with another photo¬ 
graphic plate, winch is exposed to the spectrum of the source, 
the more uctive wave-lengths ate weakened whilst the less 
active ones are practically unaffected. In this way it is* 
possible, by suitably adjusting the exposures of the screen 
plate and finished plate, to obtain a spectium of uniform 
blackening on the finished plate, the light and dark bands 
being smoothed out by the screen plate and the colour sensi¬ 
bility of tlie finished plate is thus adjusted to one degree 
sensitiveness. 
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Annual Report of Committe e for 1912 - 1913 . 

During the Session 1912-13 four general meetings, one 
extraordinary general meeting and eighteen sectional meet¬ 
ings have been held. 

At the General Meeting held on December 6th f 1912, the 
Duke of Northumberland was elected President. On May 
2nd, 1913, tlie day pievioun to Ins installation as Chancellor 
of the University of Durham, the Duke of Northumberland 
presided over an Extraordinary General Meeting of the 
Sooiety in Armstrong College, at which Sir J. Alfred Ewing, 
K.C B., F.R.S., lectured on “ The Structure of Metals." 
The lecturer gave an account of recent vioik on the subject, 
much of which had been done by himself, and theie was an 
audience of over 200. It is hoped that this will he the first 
of a series of lectures delivered before the Society by men of 
note. 

The Society was represented at the British Association 
meeting in Birmingham by Dr G H. Thomson 

The expectations expressed in last year’s Annual Report 
as to the new Section (Philosophical Section) have been 
quite justified during the Session. 

Tluee numbers of the Piooeedmgs have been issued 
during the Session. The fiist number issued completed 
Volume IV. 

The question of Exchanges for the Publications of the 
Society has been gone into nnd it is expected that the 
Exchange List will shortly he on a much more satisfactory 
basis. 

The number of members at the end of Session 1912-13 
was 166 . 
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Notes on tub Third International Archaeological 
Congress, held at Rome in October, 1912. 

By J, Wight Dufk, M.A., D.Litt. 

[Head December ft, 1012 ] t 

Such literary nnily as these “notes’* possess may perhaps 
be compared with that of the early Latin Batura which, as is 
well known, consisted of a irfedley of various contents. But 
inasmuch as no literary form was more ohniacteristically 
Roman than this same vi/imi, the present summary sketch 
may possibly ap]>e»r to be not entirely inappropriate and not 
entirely lacking m “ local colour.” Itv aim, then, is to give 
an outline of the organisation and work ot the Aichaeolngical 
Congress in Rome; and to follow the account with lantern- 
slides, selected on what might be termed the true Batura 
principle, to illustrate 

(1) Some porlionH ot Rome excavated in recent years; 

(2) The find excursion of the Congress—to (Vrveteri; 

(3) The second excursion of the Congress—to Ostia ; 

(4) Certain valuable MSS. in the Vatican which T 

looked at myself with some attention. 

This was the “Tensu Internationale Archeologioo Con- 
gresso,” the two previous Congresses having been held at 
Athens, in 1904, and ut Cairo, in 1908. The actual work of 
the Congress extended from the 9th to the lOth of October, 
1913 ; but arrangements were made whereby congrtsridi 
could later in the month, under suitable guidance, visit 
Pompeii, Sicily, Sardinia and other ports of Italy. A sub¬ 
scription of 20 lirt constituted one an effective member 
(membro ejfettivo) of the Congress, and entitled one to pub¬ 
lished transactions, which I understand there are but faint 
hopes of seeing complete. Enrolment conferred upon 
members considerable privileges, including reductions in 
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railway fares not unwelcome to delegates who had to travel 
so far as I did; participation in receptions and excursions 
organised by the Central Committee; and—probably most 
valuable of all the right of free entry to all public museums 
and galleries throughout Itulj duiing the whole month of 
October. 

Apart from the intellectual stimulus given by the pre¬ 
sentation and discussion of learned problems, one of the 
greatest attractions of such Congresses must alwuys lie in the 
opportunity afforded of meeting men of European distinction. 
There were many eminent names; e.g^ from France, 
Cagnat, one of the very foremost epigraph ists, with Toutain 
and Lafaye, both authorities on ancient religion; from 
Belgium, Cumont, who knows more than anyone else about 
the mystic ritual and symbolism of that tuscinntiug Mitbra- 
ism which spread from the east to our own locul frontier of 
the old Roman Empire; from Germany, Dessau of Berlin, 
besides Sehuchbardt, Thiersch and many others, including 
von Duhn of Heidelberg, whom 1 met in Crete years ago 
waiting for a chance steamer to take him back to Greece; 
from Greece itself, Lambros and Cavvadias were among the 
delegates; from our own country Evans, Wuldstem, Percy 
Gardner and others In fact, nearly all the countries of 
Europe were represented, as well as several Universities of 
the United States and of the British Colonies. The various 
foreign schools of Archaeology in Rome sent their directors. 

Hie Honorary Presidency whs held by King Vittorio 
Rmmanuele, and the Vice-Presidents were the Minister of 
Public Instruction and the Mayor of Rome. A large Com¬ 
mittee in charge of the arrangements consisted of noblemen 
and senators, members of Parliament, and professors. 

The wide field of labour to be surveyed was divided among 
twelve sections:— 

(i) Prehistoric Archaeology. 

(ii) Oriental Archaeology. 

(iii) Prehellenie Archaeology. 

(iv) Italian and Etruscan Archaeology. 



(v) History of Classical Art. 

(vi) (fleck and Kumun Antiquity. 

(vii) Epigraphy and l’apyrology. 

(\iii) Numismatics. 

(ix) Mythology and II is to i.v of lteliginns. 

(x) Ancient Topography. 

(xi) Christian Archaeology. 

(xii) Organisation of Archaeological Wmk. 

Two or more of these Sections frequeJitly combined their 
sittings for the discussion of themes of oommon interest; 
lor example, I attended several joint meetings, of vi and vii, 
the sections named AntichitA gtecln e romane and Epigrajia 
e papirolof/m. 

The place of meeting wus usually at the ( nivrrsitii, in the 
Pahizzo Jt If a SnpttnzH, to give it the lesounding Italian 
title; except that Section x, tor Ancient Topography, 
generally met undci the loof ot Sunta Francesca Homanu, 
close to the Homan Forum, train which illustrative excur¬ 
sions were mnde to the Palatine; while the Section for 
Christian Archaeology paid visits of inspection to different 
catacombs. 

Each Section had its own president, and often two 
secretaries. The official language of the Congress was 
Italian, and all announcements, oral, written or printed, 
were made in that language; but papers might be read and 
discussed in any one of the four languages, Italiun, French, 
English, German. 

On the day before the Congress opened, there were pre¬ 
liminary social gatherings; but the real inauguration took 
place, with much fitness, in the “Hall of the Horatii and 
Curiatii ’’ on the Capitol at 10'30 a.m. on Wednesday, 
October 9th. In welcoming the delegates, the Mayor of 
Borne delivered a discourse marked by complete conscious¬ 
ness of the historic symbols of greatness around, but at the 
same time by an anxiety that the present should not be over¬ 
looked in excessive concentration upon the past. With this 
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anxiety in his mind he was clearly insistent upon the fart, 
which archaeologists sometimes incline to ignore, that Rome 
is not a mere museum —“ Itoma non r un wmxco,” he said: 
“ It is above all a modern city, the centre of a great 
country ” (bopratntto v, nna citta moderna, rentro di un 
grande paete). lie was followed by the Minister of Public 
Instruction, who was commissioned to speak for the King 
of Italy, and in his Majesty V name (o deeluie the opening of 
the Congress. His speech appropriately called attention to 
matters of great moment for the domain of archaeology— 
to the recent advance made in excavations in the Roman 
Forum and on the Palatine; to the subsidies voted by the 
Italian Parliament proving the interest of the State in con¬ 
tinued work at Ostia; and to investigations in progress or in 
piospect at many other places in Italy, such as the Licensa 
villa of Horace, and different sites in Cmbria and Sardinia, 
and at Pesto, Pompeii und Taranto. 

Among the speeches which followed the despatch of tele¬ 
grams to the King of Italy and to Prince Constantine of 
Greece was the perfervid oration of Professor Lambros of 
Athens, who had been chosen to speak for the delegates. 
He paid homage to the wugnihcent historical and arch¬ 
aeological attractions of Rome, and made suitable allusion 
to contemporary difficulties witli Turkey it was just before 
the Greek declaration of war when he remarked that in 
those anxious days the Greek delegate^ could enjoy at least 
a kind of “Olympic peace “ in reflecting upon the past of 
their native land. It was a lhetonea) effort, and was 
received by what Italian reporteis called applauti imtntnti. 

Thereafter, the work of the Sections began, most of them 
holding both motniug and afternoon sittings, varied with 
late afternoon receptions arranged by the Ladies’ Committee, 
the Agricultural Institute, the .British School, and with 
very imposing evening receptions given by the Minister for 
Foreign Affairs at the Cousullu on the Quiiinal; by n'lady 
archaeologist of note, the Contessu Lovatelli, in her 
polazzQ\ and again at the close of the Congress by the Muni* 
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cipality of Borne The two all-day excursions during the 
Congress were to Cerveteri in Etruria und to Ostiu. These 
ran be best illustrated with the aid of slides at the close of 
this paper. 

Meanwhile, it remains to convey some slight notion of the 
range of topics considered at the Congress. It can only be a 
slight notion; for without devoting a large amount of space 
to the papers and their results, it would be impossible to give 
any just estimate of the woik done. It must suffice to 
observe that the papers ranged over the whole field of arch¬ 
aeology, in the broadest sense, from prehistoric to medieval 
times; and the resultant variety of subjects will be readily 
gauged from some titles selected from the different groups 
und here given, for the suko of uniformity,in English:— 

Prehistoric civilisation in Xardiniu; Palaeolithic man in 
the Tiber-vnlley; Prehistoric implements from the Fayfim 
(Egypt), Somaliland and India; Neolithic antiquities in 
Malta; Fossils from the Auvergne; Chronology of the 
bronze civilisation in Italy; The early history of copper 
money; The latest prehistoric finds in Denmark; Survey of 
results of prehistoric archaeology in Russia; The original 
population of the Mediterranean seaboard; The peoples of 
prehistoric Portugal; Sources of Etruscan civilisation; 
Balkan influences on the culture of the first epoch in the iron 
age; A new classification of the Minoan periods in Crete; 
Relations between ancient Egyptian civilisation and that of 
the Eastern Mediterranean; Burials at Mycenae in relation 
to Cretan culture; TTelleiiistic pottery in Sicily; The 
development of brick-faced concrete construction; The bead 
of Apollo from the Mausoleum; Art iu Gaul after its con¬ 
quest; Recent excavations at Puestum, Cumae and Pom¬ 
peii ; Relations between Greece and Carthage; Influence of 
Greek law upon the Roman law of inheritance; The Roman 
organisation of the corn-supply from Africa; Linguistic 
usageli in official correspondence in Egypt under the Roman 
empire; Inscriptions from Algeria; Latin inscriptions from 
Morocco; Peculiarities of the double flute in antiquity; 
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The extent to which Romun civilisation transformed local 
civilisations in different provinces of the Empire; Temples 
upon Roman coins; Cowries and their substitutes os a cur¬ 
rency in ancient China; Medieval money in Southern 
Italy; Astral symbols on ancient Babylonian boundary- 
stones; Religion at Palmyra and the cult of Saturn in 
Roman Africa; The Deity with the conical cap; Belief in 
demons in primitive Imlo-Uermunic times; Russian and 
Roman household-gods from an archaelogical point of view; 
Polynesian folklore; The Roman boundary in Tunis, 
Algeria and Morocco; Roman Kuvoy in the light of recent 
excavations; The aqueducts of old Rome; The buildings of 
Augustus on the Palatine; Fresh discoveries in the cata¬ 
combs; The symbol of the fish m early Christian art; The 
technique of the portraits of Byzantine emperors; On forged 
antiques; Italo-Greek influences upon Celtic civilisation; 
The part played by the Roman army in diffusing certain 
worships; Art in the fust centuiy ot Islam; On the organ¬ 
isation of archaeological teaching, leseaich und publications. 

This representative list, long us it looks, will uot, I hope, 
be found too repellent, und is, in any case, short when com¬ 
pared with the full programme ot the Congress, A brief 
glance through it will serve to indicate the geographical, 
historical, ethnological and artistic diveisity of interests to 
which archaeology must make appeal. It would be invidious 
to characterise individual papers; but, without instituting 
odious comparisons, one may safely allude to some of Com- 
mendatore Boni’s lectures, accompanied by lautein-slides 
(proieziont) and by actual visits to the scene of Ins excava¬ 
tions in progress upon the Pulntine hill, as giving some of 
the freshest results in ancient topography, all the more vivid 
and interesting that the work was proceeding befoic one's 
eyes. 

Something of the same vivid interest attaches to the two 
uncient sites visited by the Congress as a whole; for both at 
Cerveteri in Tuscany, and ut Ostiu near tlie old mouth of 
the Tiber, labourers were actively engaged in excavating. 
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Cerveteri is the descendant of the ancient Caere, famous 
from early times for it* clone political connection with Home* 
The members of the Congress icached it by taking train to 
Palo, which is 30 miles by rail from Home, und then pro¬ 
ceeding with much patience and high expectations, in 
leisurely bullock-carU to the picturesque little walled town 
with its single entrance, there to be received by a band and 
the inhabitants holding fcxta, and then to drink a vermouth 
d'honote presented by the local sittdaco . The archaeological 
interest of Cerveteri lies in the necropolis, an elaborate sys¬ 
tem of tombs, near the modern town, hewn out of rock or 
contained in conical eurth mounds Some of these grottos 
have been long opened und described; but some tombs are 
quite newly uncovered under government direction. Though 
less elaborately decorated than many Egyptian tombs such 
as (to take very fresh examples) those investigated at Meir, 
still these sculptured burial-places possess great value for 
their bearing on Etruscan art and civilisation of the seventh 
and sixth centuiies b.c. The different grottos, lit by elec¬ 
tric light, as one finds on descending into them, have been 
named after some distinctive decorution in each'-the Grotto 
of the Shields, of the Banquet, of the Inscriptions, or of the 
Bas-reliefs. The last-mentioned (grotta dei bassorilitvy ). 
excavated about two generations ago, is particularly inter¬ 
esting for its two lionesses, at the head ot a flight of steps, 
designed to guard the tomb in a manner that recalls the lion¬ 
esses at Mycenae and elsewhere. Separately situated, but 
also included in our programme, was the Regolini-Galassi 
sepulchre, where the roof has been vaulted by the gradual 
approach of luteral walls—a system comparable to that 
adopted in the famous gallery at Tiryns in Greece. 

For an inspection of the ancient harbour-town of Ostia 
it is most usual to enter from the N.E. corner through its 
old Porta Romunn. The Congress urrangement was to enter 
at precisely the opposite end, namely the 8.W. corner, close 
to the line of the littoral in classical times, though the 
remains of this vanished sea-port are now a considerable 
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distance from the sou. The Congresstsfi approached and 
inspected Ostia in three groups Italian-speaking, French- 
speaking, and German-speaking Rail from Rome to Fium- 
icino, automobiles across the Insula S<ura 9 and a great 
ferry-barge over the Tiber were the means \i hereby one 
reached what was once almost tlio se.i-fiont of a busy com¬ 
mercial town. 

Almost directly after leaving the ferry, the visitors 
found themselves among the old shops and stoie-cLumbers 
furnished with huge jais for oil, and thence pioceeded to 
more imimsing edifices such as that named, on doubtful 
grounds, an ‘ impenul palace”, the temple of Vulcan; the 
forum; the theatre; the baths ; and the barrack of the firemen 
( vtgtUs ), and so by now deseited streets to the ancient egress 
from the town towards Rome, wheie the street of tombs began 
outside the walls. A visit to Ostia must, of course, be supple¬ 
mented by study of many ot its aitistic and domestic remains 
now housed in museums at Rofiie; but there is a great deal to 
fascinate one still left m situ, eg many quite legible in¬ 
scriptions; or the largo and w ell-preserved mosaic of black 
and white tesserae representing u sacrificial scene, inside the 
barrack of the firemen; or the statue of Victoiia; or the 
instructive wuter-pipes; or the quite charming shrine of 
Mithras, where the mosaics on the stone benches represent 
the divinities of the seven planets; or, again, the figures in 
the baths worked in black tesserae to symbolize different 
geographical territories like Egypt and Spain. The ruins of 
Ostia and the finds among its ruins are highly significant 
documents for the private and hociuI, international and 
economic, political and religious life of antiquity, especially 
in the first, second and third centui ies of our era; and they 
possess a significance which even Pompeii cannot entirely 
eclipse; for Ostia was in close touch with Rome, and was at 
once metropolitan and cosmopolitan, while Pompeii might 
by comparison be termed provincial. 

Note.- Dr. Wight Duff's paper concluded with the exhi¬ 
bition of over 30 slides prepared for the occasion. They were 
in four sets designed to illustrate: — 
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(1) Discoveries of recent years in the Homan Forum, 
including the Funs Juturnue and the Lapis Niger 
with the important monuments under it; 

(2) The sculptured tombs of Cerveleri; 

(3) The ruins of Ostia; 

(4) The palaeography ot certain pages from some of the 
most valuable Latin manuscripts in the Vatican, 
e.g., the “Bembine Terence” (in rustic capitals of 
perhaps the 4th century A.n.); the palimpsest of 
Cicero’s De lit jmbliru (in uncials of the 4tli eentuTy 
a.d., with St. Augustine’s commentary on the 
psalms written over and acioss them in demi- 
uneinlv of the Stli century); the “ Augustenn 
Virgil ” (in square capitals of the 2nd or the 3rd 
century, a.d.) the “Vatican Virgil” (in rustic 
capitals of the 4th century, a.d.); the “Palatine 
Virgil” (in rustic capitals of the 6th century, 
a.d.); and the “ Roruftn Virgil ’’ (in rustic capitals 
of the 6th or the 6th century, a d.). 
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Some Observations on a Leucocytozoon op the 
Siskin (Cakduklib Spinus). 

By Tho mjm Bmntham, B.Sc., Oxon. 

[Bead January 27, 1014 ] 

I have written this short paper to illustrate some few 
new points in connection with the morphology and life- 
liistory of the rounded form of Leucocytozoon occurring in 
the blood ot Finches (Fringillidae) 

In January, 1913, three Siskins (Curduelw Spinus) were 
obtained in Newrustle-upon-Tyne for the purpose of blood 
examination in the possible hope of finding trypanosomes. 
The search for these particular parasites was unsuccessful 
and cultuies were tried in the case of one bird, but these 
also contained no trypunosomes. As tbe other two birds were 
dead when biought to me no fuithor cultures were attempted. 
All three birds had been obtained from a bird-catcher near 
Brighton and were part of a batch of a dozen or so, all of 
which subsequently died within a few' days of each other. 
Two of the birds received had been dead only a few minutes 
and were still quite waim. Both these last were adult males. 
The third specimen, a young male, was purchased alive. 1 
From the first two birds were taken smeurs of blood from the 
heart and also from the lungs, spleen, liver and bone-marrow, 
and both birds were dealt with immediately they were 
received in the laboratory. All the internal organs appeared 
to be healthy, with the exception of the liver of one bird, 
which was infected with avian tuberculosis. Eimeria avium 
was found in small numbers in the alimentary canal. No 
external parasites oould be discovered on any of the birds. 3 

1 On subsequent 'examination this bird was found to be free from 
parasites and was used for tho purposes of u leucocyte blood count. 

* Truo Finches seem to be tree fiom ec to parasitic insects or arachnids. 
These ore quite oommonly found on Buntings (Vam. EmbsrisidaS). 
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Slides were fixed with oMnic vapour per cent, solution 
for about 20 seconds. They were then again fixed in absolute 
alcohol 'for u quarter of an hour. The films were stained 
with (iiemsuH solution (one drop to 1 ec. distilled water), 
for about sixteen hours. This length 0 f time is absolutely 
essential during the winter months, although in summer a 
shortei duration will be found necessary. Irishman's stain 
was also employed bui did nol gnesuch good results. Exam¬ 
ination of the heart-blood shewed that leuroeytossoa were 
present in large numbers. They could usually be seen in at 
least every other field under a one-twelth inch oil-immer¬ 
sion, and in one iase no less than six pantiles were observed 
in a single field, four more lying in an udjncent field. *Fig. 
21 shews a group of three parasites ljing close together in 
the same field of the microscope. The number ot these 
parasites is seemingly ver\ unusual, as Woodcock states that 
Leucoc.\tozoon fringillinarum from the Chaffinch occurred 
in quite small nurabeis, twenty-fi\e oi so in one slide being 
quite an abundance, a more common number being five or 
six parasites in one film. 3 

A differential leucocyte blood count as taken from the 
young male mentioned above and the count for normal 


blood was us under: - 

Small Mononuclears 12 8 per cent. 

Large Mononuclears 5 4 ,, M 

Lymphocytes 615 „ 

Crystalloid Eosinophils 16 6 „ 

Coatse-grained Eosinophils 2 5 ,, „ 

Mast-cell* 12 „ ,, 


Ho thrombocytes 4 were present and tile small mono¬ 
nuclears were never spindle-shaped. 

Fanthom's percentage in the case of the Grouse (Lagopus 
scoticus) shews the large mononuclears to be much more 

• Thi* m al ho the case in nil nramblmg* (Fnngilla montifringilln) 
that I have examined, the Hrambling being cWly allied to the Chaffinch. 

4 1 have only observed these in Sparrows and Weaver* where they are 
of common occurrence. 
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abundant than in this ruse. He, however, did not include 
the small mononuclears in his ldood count and probably 
included a flood many of them in the count ot larfle mono¬ 
nuclears* The two forms have been kept separate tor reasons 
to be shewn Inter A count iiom the Goldfinch (Curduelis 
eleguns) wus almost exactly similar. Tn the infected birds 
the average Tieueocyte count was as follows - 


Small Monomiclparw 119 per cent 

Large Mononuclears 26 6 Jt ,, 

Lymphocytes 16 9 „ ,, 

Crystalloid Komnophils 5 5 „ „ 

roarwe-gialned KosinophiN 11., ,, 

Mast-cel 1h 16 ,, „ 

Infected lpIIh 17 4 , f ,, 


From this table it is seen that there is a great increase 
in the number ot large mimonucUMr*,* the small mono¬ 
nuclears being 1 about normal in nuinlier If, ns in the 
opinion of Woodcock and Fanthuiu, all the infected cells 
are small mononuclears, we get an almost incredible increase 
of 17*4 per cent, in these, and if the small and large mono¬ 
nuclears be taken together there is an increase of nearly 40 
per cent If a count be taken, excluding the infected cells, 
the percentage of small mononuclears is seen to be 14*5 per 
cent, which is not a great increase over and above the normal 
numbers. 

As in the normal count no thrombocytes were seen. 
Numbers of red cells exhibited polychromatophilia but none 
of these, nor the normal erythrocytes, ever lacked nuclei. 
In infected birdA nearly all the uninfected small mono¬ 
nuclears were markedly spindle-shaped, a phenomenon 
which, in my experience, practically never occurs in any 
Finch, but which is common in the blood of certain game¬ 
birds, Gulls and Plover*.* 

A A similar condition found by Fantbam in (Irout# infected with 
Leucocytosoon lovati, 

* Wen von states that spindle-shaped cells occur normally in the blood 
of tome birds. 
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Description op the Parasite. 

Almost ull the parasites were small, rounded in form and 
meusured on an average 4-6 in diameter. The largest 
parasites were invariably oval in shape and measured on an 
average 7 p by 6 p (Figs. 12, 18, 20). These large forms 
were nearly always macrogametocytes (see Fig. 7). 

Female forms were Blightly in excess of the males and in 
about the proportion—fifty-five per cent, females -forty- 
five per cent, mules. These were always slightly larger than 
the males and their cytoplasm was more highly granular, 
contained lees metachromatinic grains and stained a deeper 
blue by the Bomanowsky method. The nucleus was small 
and compact witli a more or less distinct karyosome which 
was either mtrn or extra-nuclear. 

The cytoplasm of the male forms or microgametocytes 
stained but faintly, was non-granular, contained more meta- 
chromatimc grains and included a large, somewhat diffuse 
nucleus, with or without a karyosome. This nucleus was 
sometimes so large as to occupy almost the whole body of 
the parasite, there being but a small rim of cytoplasm present 
round the periphery of the parasite (see Fig. 6). 

The parasites in the blood itself were either present free 
in the plasma (see Fig. 22) or were intracellular. Those free 
in the plasma were almays small rounded forms and were 
never found lying near the small mononuclear leucocytes. 
They were either completely free in the plasma lying away 
from the corpuscles or attached to and partially lying in the 
cytoplasm of all stages of red cell from erythoblast to 
basophile erythrocyte. Fig. 6 shews a young parasite lying 
partly in the cytoplasm of a basophile erythrocyte which 
was almost mature. In Figs. 11 and 16 parasites are seen 
lying adjacent to two forms of the corpuscle intermediate 
between the above and an erythroblast. Fig. 18 shews a 
macrogametocyte lying within an erythroblast, and in Fig. 
22 it shewn a typical erythroblast such as is believed to be 
generally infected. When the full-grown parasite was 
intracellular it always occupied half the hoet-cell (Figs. 12 
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and 13), and the mu lens of ihe latter was invariably cres¬ 
centic with its concavity turned towards the parasite. This 
nucleus was never reduced to a mere rim ut the side ot the 
parasite, ns in Leurocytozoon fi ingillinaium. There .is 
practically nothing to shew Ihe nature of the host-cell, since, 
as soon as the parasite has become intracellular, the character 
of the nucleus of the former becomes entiiel> changed. It 
presents a homogeneous appearance, becomes much enlarged, 
and is devoid of all kniyosomes or net-knots. In appearance 
it resembles the nuclei of ei ythrocytes which have either 
degenerated or have been altered by un artifact of prepara¬ 
tion. Such erythrocytes occur in fair numbers in all slides 
of birds’ blood and seem to i>os^e«s hut the faintest indication 
of an eosinophil cytoplasm. Woodcock definitely states that 
the host-cell ot his Leucocytzoon frinftillinnrum is always & 
small mononuclear leucocyte. I am, however, more inclined 
to believe that Wenyon and Keyselhtz A Mnyei were partly 
correct in then* statements thut the host-cel! is an erythro- 
blust, because I have never seen any parasites lying in ft 
small mononuclear leucocyte, but only in eiythroblasts. 
When the parasite becomes larger, it is an impossibility to 
determine the nature of the host-cell. Furthermore, the 
extraordinary number of infected cells m the blood count 
and the almost normal percentage of the small mononuclears 
points to the fact that other types of cell are infected. 
Indeed a single parasite was found in a large mononuclear 
leucocyte in one of the liver smears. 

I believe, ns above stated, that the homogeneity of the 
nucleus of the host-cell is due to an artifact, dependent on 
the presence of the parasite, when the smear is made. The 
methods of smearing blood by glass slips, cigarette-papers, 
etc., though unavoidable, leave much to be desired. Liver 
smears, made by drawing a portion of liver across the elide 
with n pair of forceps, shewed more clearly the character of 
the host-cell nucleus, which then, in some cases, os Wood¬ 
cock has stated, appears to be a small mononuclear, but not 
in all. An erythrobloet hoe more small definite karyosomatic 
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masses present than the nucleus of a small mononuclear 
leucocjte and m borne cases these shewed up quite plainly 
in the liver smears (see Figs. 12, 13, 1(5, 19, 21), the pre¬ 
sumed small infected mononuclears shewing a completely 
homogeneous nucleus. It is not beyond the bounds of 
possibility that, in large infections of this parasite, although 
mononuclears are chosen for preference, other cells, such aa 
erythroblasts, are infected by force of circumstance. 

Horn-like prolongations of the cytoplasm of an infected 
cell were never observed, although, as stated above, unin¬ 
fected cells appeared to have these. 

The parasite seems to be a true founded form of Leuco- 
cytosoon such as that described as existing in the Chaffinch 
and Greenfinch, possibly a distinct species, not only because 
of its small suse, but also on account of its action on the 
nucleus which it never compiesseV into a mere ridge at the 
side of the parasite. Furthermore, tike fact that the Chaffinch 
Siskin, and Greenfinch belong to different genera should be 
taken into account in support of the above statement. 

Contrary to Woodcock’s statement many young forms of 
the parasite were found to be completely intra-nuclear in 
position (see Figs. 14 and 16) and nearly always situated 
exactly in the centre of the host-cell nucleus. Stages were 
found in which the host-cell nucleus was almost closed round 
the parasite leaving a narrow passage from the latter to the 
cytoplasm (Fig. 1). 

This condition almost points to the fact that, in some 
cases in its earlier stages, the parasite is intra-nuclear and 
that as it grows it bunts from the nucleus and pushes it to 
one side. This, however, is not always the case, as can be 
aeen from the contour of the nucleus in most of the diagrams. 
Occasionally, the parasite as it grows exerts a kuryolytic 
action on the nucleus of the host-cell. This nucleus is seen 
to be broken up into several irregular rounded masses lying 
in their own cytoplasm, the Leuoocytosoon always lying 
attached to the largest of these masses. This singular con¬ 
dition is peculiarly reminiscent of the action of Karyolysua 
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although in this genus the nucleus of the host-cell in never 
so completely fragmented (Figs. 3 and 3). 

Infection of a single host-cell by two parasites was very 
common. In this case the parasites acre either close 
together and on one side of the nucleus (Fig. 14), or they 
occupied positions on opposite sides of the nucleus (Fig. 19). 
In these cases of double infection, the two parasites were 
almost always of the same sue; not necessarily, however, of 
the same sex. Woodcock never obseived any cases of double 
iniection by the rounded form of Leucocytosoon, but this was 
in all probability due to the small number of parasites he was 
able to find in hie smears. Where large infections of 
Halteridium are found in birds, it is fairly common to find 
corpuscles doubly infected and consequently there is abso¬ 
lutely no leason why such a state of affairs should not occur 
in Leucocytozoon. Thus it- will be seen that the two 
parasites in all probability penetrate the host-cell on opposite 
sides, an impossibility m a small mononuclear leucocyte if 
we are to believe the statements “ that the parasite always 
penetrates into the leucocyte on the side where there is most 
cytoplasm.” 

These parasites were exceedingly numerous in the liver 
smears and occurred in small numbers in those of the bone- 
marrow, spleen and lungs. In the liver the organisms were * 
found mostly free from the coipusclee and were quite rounded 
in contour and similar to the free forms in the blood. They 
were, however, commonly found associated in pairs, whether 
free in the eubstance of the liver or attached to a host-cell. 

It was further noticed that large numbers of single parasites 
appeared to possess two nuclei sometimes quite separate 
(Figs. 9 and 10), or connected by a definite epindle (Fig. 8). 
These double parasites seemed therefore to he undergoing a 
process of binary fission. No schizogony was evar seen in the 
spleen or bone-marrow. 

)l 



UONCLPSIOXfi 

(1) The organism described is a parasite of the Siskin 
(Oarduelis Spinus). 

(2) The parasite, under the above conditions, attacks 
both immature red cells and small mononuclear leucocytes. 

(3) It diffeis from Leucocytozoon fringillinnrum (Wood¬ 
cock) in its disposition towards the nucleus of its host¬ 
cell, and in its size, which is smaller than that of the 
fringillinarum. 

(4) It may be intra-nuelenr for quite a considerable 
period of its existence. 

(6) Two parasites as in Hulteridium are often found 
infecting the sume host-cell. 

(6) The parasite sometimes knryolyses the nucleus of the 
host-cell. 

(?) Binary fission occurs in the liver of the host. 

(8) As in the case of LeuCocytozoon lovati of the Grouse 
(Lagopus scoticus) large mononuclear leucocytosis is 
markedly present in the blood. 

(9) The parasite may be present in its host in enormous 
numbers. 
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Depowts ai tfw Tyne 
Entravcf 

By S Hknwik HwrHiBhT M Sc Ft S 
[Head Docerob i 9 1913 ] 

It has been pointed out in a previous 
paper 1 that the sites of early human 
habitations were often determined by a 
readily available water supply and a dry 
site Tynemouth village and Percy 
Square, North Shields, aie two instances 
In this district these conditions postulate 
sand, and led me to suspect it pnoi to 
its exposure Recent excavations haVo 
revealed sandy deposits of a laier age 
than the “scarp boulder elay The 
locus of these excavations is the Fastern 
extension of the North Shields huh 
Quay wheie the huge boulder clay cliff 
has been scarped back to a gradient of 
1 in 1 These sections have afforded 
unique opportunity of studying sequence 
in these deposits in an area wheie it is 
roost difficult to obtain, due to the 
absence of clay pits and quames and 
the “built up ’ nature of the vicinity 
Jhe method of mapping —As exposed, 
each section was carefully measuied up 
in correct sequence, and these dimensions 
were then transferred to a true s< ale 
section drawn upon a roll of wall paper 
This was then photographed, giving the 
result shown in Fig 1 The obvious 

Hmeltiurat, S R The C au»et of tl e Tyne 

mouth IaimUHjm, 1913 Tyoomontb Corporation 
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advantage is that these deposits are shown m their exact 
topographical relationship and if we are to attempt a corre 
lation of analogous deposits so c learly devoid of useful 
fossils the statistical as veil ns lithological correlation 
must he followed 



H Tier 

Fio 2 


Description of the secti m —The section extends upwards 
of 1 mile from the Hats to ( olhngwood s monument (See 
mnp pp 100 1 ) It uses in pints to lit) O D consisting of 
sandy clays with p u tings uf blue (lay silt brown cl ty thick 
deposits of sand (10 15) undeilmn by biown plastic clays 




corresponding to,those cited by Merrick 3 , reposing upon the 
“ scarp 9 * boulder clay (Fig. 2.) Glaciated stones and 
pebbleB ore singularly absent, although some waterworn 
fragments of striated shale have been touud. The deposits 
of sand are false bedded, containing fine partings of com¬ 
minuted coal and dendritic, stalactictic lubes of calcium 
carbonate. The brown, plastic clays underlying these sands 
are finely stratified, and contain numeious fragments of 
drift-wood, identified b w \ Wluteliead as birch. (Fig. 3.) 



Fiu. 3. 

They are chiefly remarkable for a unique scries of perpen¬ 
dicular, cylindrical concretions resembling huge bolts 18* 
and upwards in length, 1J* in diameter, with a persistent 
woody core about \ ft in diameter. The concretionary action 
haa not been selective, fine stratuhe of clay and sand com¬ 
posing them alike. These concretions are concentrically 
coated or tunicuted. There is an ubuudunt supply of water 
in the overlying sands. 

Interpretation of the beds: Origin of the concretion *.— 
Their whole appearance points out that they were quietly 
deposited either in a loto^grade stream at a high level or in 
a lacrustine depression or scoitr in the scarp clay . It is 

# Merrick, E., Proc. D . V. PM . Sac., vol. iii. f pt. 3, p. 142. 


160 


immaterial whether they were ponded bark by a tongue of 
ice in the Tyne valley after the iee-burrier fashion of the 
Marjeleusee, in which ease we could not expect similarity of 
sequence on the south bank, although it might easily obtain 
in adjacent valleys on the north bank. As their locus is 
near a large town, I cannot at present record “ strand 
Ilmen,” nor is there any busal deposit such as might reason¬ 
ably result from melting ice. The birch fragments are drift¬ 
wood lying 16' below surfuce, and the rootlets forming the 
concretions ure certainly in situ. Due to the lack of trans¬ 
verse sections, I cannot at piesent define the topographical 
limits. 

Regarding the concretions, I offer the following explana¬ 
tion : 

The growing rootlets penetrated the beds irrespective of 
their composition. The root pressure, increasing with age 
and decreasing with decay, produced a permanent state of 
strain in the clay and sund. This pressure decreased to a 
minimum from the central axis as a radial force, thus form¬ 
ing at zero the boundary of the potential concretion. On 
decay and death, the pressure of the rootlet would be removed 
and either, 

(n) The mineralizing waters descended these tubes from 
the sands above, and were carried into the concre¬ 
tion along the radial lines, thus giving rise to 
tunicuted zones, or, 

(6) They were driven along the sandy stratuleo and 
segregated inwards towards a centre by a joint 
action ot hydrostatic pressure and capillarity of the 
rootlet 

The deud rootlets certainly offered a final channel for the 
solution. 



Mtf nonm ait* or ai*ci*b uki at niiPBUTti * cow#*«tvr mo ion 
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O n the Rate of Recession of the North Bank 
of the Tyne at Tynemouth. 

By S Rraifia Habblkubst, M.Sc , F.G 8. 

[Bead December 0, 1913 ] 

Rome further work on const erosion is given in the map. 
(Fig. 4.) To extend the North Shields Fish Quay, a large 
area known as The Flats, west of the Black Middens, has been 
reclaimed. A massive seu-wall bounds this, and is opposed 
to the direction of the tidal drift, deflecting it N.E. The 
river is thus confined to smaller limits, and there is a con¬ 
comitant increase in the range of the tide in the vicinity of 
the Fish Quay. A direct result is that the cliffs described 
in the preceding paper are being destroyed at an increasing 
rate by tidal deflection, increased range and “sub-aerial' 7 
land sliding. It seems a paradox, but the same community 
recently obtained an injunction to restrain an attempt at 
increasing the range of the river, and have achieved the same 
object by municipal improvement. Coast erosion here is due 
to a combination of phenomena exactly similar to that cited 
by my co-worker, Walmsley 1 , at Robin Hood's Bay, and is of 
exceptional interest, as it is primarily due to marine and not 
sub-aerial agency, exemplified in the Tynemouth landslides. 
The map bears interesting comparison with Walmsley’s 
(op. cif.), and shows for the first time as regards Northumber¬ 
land a definitely measured rate of recession corresponding to 
!16 yards average in 29 years, a superficial loss of 4*67 acres, 
which taken in proportion to the area shown in the map, k 
very great. 


1 Walmsley, L, NatoixUut , 1913, Aug. lit, p. 980. 
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The Application of Graphic Methods to a 
Case of Damped Oscillatory Motion*/ 

By F. H. Albxaudbb, M.Sc. 

[Head December 5, 1013.] 

Tbe paper of which an obstruct is here given, dealt with 
the method of graphic analysis described in detail by the 
late William Froude, F.R.tt. in a paper read before the 
Institution of Naval Architects in 1876. 

(Im 

In a curve of motion m one plane the \ulue of ^ at any 

instant cun be represented to scale by the perpendicular of 
a right-angled triangle, the base of which represents a finite 
time interval; and if, at instants separated by equul finite 

time intervals successive values of ^ be represented upon 

the same perpendicular, then the difference in the length 

of any two successive values represents the mean value of 

during the time interval. In other words the slope of each 
hypotenuse represents a velocity, aud each change of 
slope represents an acceleration during the time interval 
represented by the base. Sueh a figure is called a polar 
diagram. 

If the second integral of a given curve be obtained, it 
can be shown that tbe intersection of any two tangents of 
the second integral curve lies upou tbe same ordinate as 
the centre of area of the given curve between the limits at 
which the tangents are drawn. 

By the aid of the above propositions it is possible to 
determine graphically the motion of a body in one plane 
when acted upon by known forces in cases where the analyt¬ 
ical treatment of the problem is prohibitively difficult or is 
impossible owing to interdependence of terme. 
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Such a case is illustrated by the rolling of a ship in 
a senes of waves Here the resultant couple acting to 
produce angular motion at a given instant ie the algebraic 
•turn of three couples vir (1) That which tends to place 
her with the mast veitic al (2) That which tends to place 
her with the mast normal to a certain subsuifate of the 
wave (1) Th it ninth is due to reeistunc es of water and air 
The first two couples depend upon ingulnr displacement 
from a position of equilibiium and ot these the second 
only tan be expressed in terms of time 

Ihe resistance couple vanes partly is ingulai velocity 
ind partly as the square of that velocity and its evaluation 
leptnds upon constints derived by expennient upon the 
ship when set lolling by irtifinol means in still water 
It is possible to repiesent septritely (1) the angular 
acceleration due to the couple which tends to lestc ie the ship 
to a position of equilibiium the cuive being obviously what 
is known as the ship s ( une ol Stability but modified m 
scale (2) the angles which the noimal to the wave suiface 
makes with the veitic al in teims of time (1) the negative 
acceleritions due to resistance in teims of ungular velocity 
ihe opeiations involved in tracing the motion bnng 
together the three couples just mentioned as follows — 
A polar diagram is used the base of which is parallel to 
that of the motion diagiam hence at any instant the 
tangent of the curve of motion is parallel to the corres¬ 
ponding hypotenuse of the polar diagram At a given 
instant the motion diagram shows the angle 6 which the 
ship is making with the veitical and also the angle a which 
the normal to the wave surface is making with the vertical 
Thus the angle 0 + «” is the angular displacement from 
a position of equilibrium and the angular acceleration 
towards that position may be obtained from the separate 
modified cuive of stability Vgun where the hypotenuee 
of the polar diagram cute the perpendicular and therefore 
indicates the instantaneous angular velocity, it is possible 
to measure to scale the negative angular acceleration due 
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to resistance)). Combining these vnlues the resultant 
acceleration at the instant is determined, and it is therefore 
possible to accompany the curve of motion with a curve of 
accelerations. The curve of accelerations is carried forward 
tentatively so as to indicate an approximate mean accelera¬ 
tion during a small finite time interval, and by transferring 
this acceleration to the perpendicular of the polar diagram, a 
new velocity is obtained at the end of the time interval. Then 
a tangent is drawn in the motion diagram parallel to the 
new hypotenuse in the polar diagram, and a corrected 
value is then obtainable for the acceleration curve at the 
end of the time interval. If this corrected value diifers 
from that tentatively used, it may he needful to perform 
the operation aguin for the time interval concerned. Care 
must be taken to make the successive tangents of the curve 
of motion intersect in accordance with the second proposi¬ 
tion referred to earlier. 

In practice it is convenient to make the finite time 

T 

interval for each operation equal toj^ and to make the base 

of the polar diagram represent jpT where T is the period 

of a single unresisted swing through a small angle in still 
water. 

It is not possible within the compuss of an abstract to 
expluiu the process in detail, but those who desire may find 
u complete description in the puper by Mr. Froude already 
mentioned. 

Resisted oscillations have such an important place in 
modern physical science that the method, here alluded to, is 
worthy of attention because it is applicable to the most 
complicated cases. 
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A CONG LOMERATE UNDER THE BOULDER CLAY 

of the Sunder land District. 

By S Robson, M Sc 
[RmmI December 9, 1913,] 

Under the boulder-clay at several places in the Permian 
lear Sunderland there occurs a conglomerate ot an unusual 



lerivntion. It is found intermittently distributed over the 
rocks exposed in section along the coast from Souter Point 
to llyhope and cun ulso be seen in some of the “ denes.” 

As its presence has apparently not received attention it 
has been thought woxth while to describe it briefly. 

The conglomerate is made up of the diverse materials to 
be found in the boulder-olay—fossiliferous limestone, whin, 
quartz pebbles, etc., and w obviously derived from this 
superficial deposit. In every case, in which it has been 
observed, it lies on a horizontal surface of rock, generally 
soft or much hrecciated, into which it has been forced by the 
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weight of tlie overlying flay and or a general rule is only a 
few inches thuk A lecent claff fall at Ryliope shewed large 
masses of* broken rock held to the clay by means of the 
cementing mateiial of the conglomerate which had bound 
the louei boulders of the clay to the lock surface. In places 
nl«o lurge isolated blocks of whin are cemented in position 
and may be seen on the gea-shore firmly fixed to the under* 
lying rock long after the covering of bouldei-clay has been 
washed away. 

The following analyses of the cementing material and 
undei lying rock at one patch shew that the actual binding 
agent is calcium carbonate. 

No. 1 is caietull> selected cementing mateiial fiom the 
couglomeiate at Sou ter Point. Nos. 2 and 3 are samples of 
the lock undeilying this conglomeiate. 



Mo 1 (Content) 

Mo S (Marl) 

Mo 3 (Soft Rock) 

H,0 

3*6 

1*45 


CO, 

42-40 

46*0 

| 47*4 

810, (inmol.) 

2*41 

0 31 

046 

At,Q, + Ke,0, 

2-34 

1*0 

1*41 

0*0 . .. i 

33-71 

30 73 

31*6 

MgO 

14*38 

19*86 

19*0 

1 



_ „_ _ 


The silicon in the cement was present almost entirely as 
sand grams and does not appear to be the cementing agent 
in this paiticular example though the patches vary so much 
in character that it cannot be said that the cementing 
material is always calcium carbonate. 

This excess of calcium carbonate is probably derived 
from the limestone boulders in the bouldeivclay. Water 
found its way down cracks in the clay and after passing 
over the innumerable boulders and fragments of limestone 
of this deposit reached the lower boulders and small stones 
which had been forced into the rock surface. These were 
thus cemented to the lock and patches of conglomerate of 
varying sixe formed 
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Neo-11eaustic Theories of Mind ok 
Consciousness. 1 


By K F. A. Hosunl*, M.A., B.Sc. 
[Rood March 10. 1914 j 


Introduction. 

Since the beginning ot thi# century the philosophical 
world has been full of movements of unusual interest and 
promise. First, the academic calm was stirred by the 
Pragmatism nt William James with its off-shoot, the 
Ilumanixm of Mr. F. C. S. Schiller. Then came the dis¬ 
covery of Bergaon, who, after having for many >enrs thought 
and written in comparative obscurity, suddenly experienced 
a meteoric rise to international fame. Whatever value we 
may put upon his theoiy as a whole, some of his profoundest 
ideas will, I am convinced, have an abiding influence on 
philosophical speculation long after he ha# ceased to be the 
fountain of wisdom for soulful ladies ot fashion. Like all 
fresh and original minds, Bergson is hard to fit into the 
pigeon-holes of our traditional classification of philosoph¬ 
ical systems, but, if he is to be fitted in, he must be called an 


1 In order to reduce the reference#! in the body of the following paper 
to the indispensable minimum, it will be beat to give, at the outset, a 
list of the chief books and articles which I have had in mind in writing. 
They are • 

(1) For the Oxford School of Neo-Realism: Mr. H. A. Prichard's 
Kant** Theory of Knowtedg* 

(3) For the Manchester School Professor Alexander's articles 
during recent years in the Providing* of the Aristotelian Society, 
in JftiuJ, and in the Britith Journal of Peyrhnlogy. 

(3) For the Cambridge School * Mr. Bertrand Russell's Phflotophiral 
B**ay* and Problem* of PKUo*ophy , and articles by him and tar 
Mr. G. E. Moore in Mind, and in the Proceeding* of the 
Arirtotelian Society. 

(4) For the American School Professor R. B. Perry's Present 
Philosophical Tendenci**, and the volume entitled The New 
jtatfm, containing essays by six American Realists. 
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Idealist. Yei, at the same time, the other nod older forms 
of Idealism have hy no tneuiis lost their vitality or their 
fruittulness. It is enough, within the English-speaking 
world alone, to point to the recent Gifford Lectures of 
Professors James Ward and Bernard Bosnnquet, and, in 
America, to the writings of Protestors Josiah Boy^e and 
Hugo Munsterherg. And, )astl>, within quite recent years 
we have been able to welcome in Neo-Reahsm a vigorous 
movement, which has already split up into several different 
schools, and which, aggressive in its challenge and ambitious 
in its constructive programme, bids fair to play a far more 
important part on the philosophical Ntage than either Prag¬ 
matism or even Horgsonianism 2 Its challenge is directed 
against Idealism in nil its forms. Hy its very name it claims 
to champion reality , to re-assert the existence of an inde¬ 
pendent object-world against what it takes to be the theor¬ 
etical denial of that world on the part of Idealism. Now, in 
the clash of philosophical arguments, as in other battles, 
the dust is apt to fly, and a condition results such as that 
which made Berkeley complain that “ philosophers first 
raise a dust, and then complain that they cannot see.” The 
points of issue become confused, and the arguments on both 
sides correspondingly irrelevant. This is what I believe to 
have happened to some extent in the recent controversies 
between Idealists and Neo-Realists. Hence there is, I con¬ 
ceive, a real and pressing need tor u precise definition of, 
and orientation about, the jaiints of issue. The time has 
come for a laying of the dust, and it is as a contribution to 
this humble, but necessary, work that T propose to offer the 

• If thin estimate of Ihe importance of Neo-Realism be challenged an 
an exaggeration I should reply (1) that Realism in the natural reaction 
against the apparent paradoxes of Idealism, and that attempts to main¬ 
tain it, in some form or other, will therefore continue to be made ns long 
oh Idealism holds the field; (2) that modern Neo-Realism, in particular, to 
important as introducing into philosophical speculation many of the 
recent results and theories of Natural Science, Mathematics, and the 
Logic of Relations, 0 That a nnvement led by such thmkeis as Mr. 
Bertrand Russell and Professor Alexander in England, Professor O. KUlpe 
(the first volume of whose RcaliMtrvng appeared last year} in Germany, 
and a vigorous band of young philosophers in America, is bonnd to have 
a considerable influence, 
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following discussion of one only, lint Hint the most funda¬ 
mental, of the problems in dispute, vis., the problem of 
Mind or Consciousness in it« bearing on the theory of the 
nature of reality. The issue may be, briefly and provision¬ 
ally, stated thus: Idealists of all shades agree in construing 
the universe as, in last analysis, mental; as a mind or a 
system oi minds. Realists ot all shades agree in holding 
that reality is different from, and independent of, mind; or, 
more accurately, that mind, which is, in some sense, unde¬ 
niably real itself, is only it part ot the total reality, and, 
moreover, a part which is not necessary to the existence and 
nature of the rest. This, then, is the problem which forms 
the subject of this paper. 

Part I.— General Survey. 

Nothing, at first sight, may well seem more in keeping 
with cominonsense than the position of the Realist, nothing 
a wilder paradox than that ot the Idealist. The distinction 
between minds and bodies, as the two chief constituents of 
what we ordinarily call the “real world,” is one which the 
very words of language teach us to make, and which con¬ 
stant use has made so familiar that, ordinarily, we have 
even ceased to reflect upon it. Most of us, if not versed in 
philosophy, may even discover a sneaking tendency in our¬ 
selves to look upon the body, becuuse it is solid and sub¬ 
stantial and spuce-filling, because, in short; it is material, 
u thing to be seen and felt and handled, as somehow more 
r§al t more securely there (as it were), than u thing invisible, 
intangible, immaterial, “ abstract,” like the mind or “aoul.” 
Religious motives may lead some to reverse this valuation, 
to put the body low in the scale of reality because it is perish¬ 
able, and the soul high on the ground that it is immortal. 
Rut when we approach the question from the scientific point 
of view, we tend to be impressed rather by what I will call 
the continuity of the body with the material universe and 
the discontinuity of the mind, both within itself and in its 
contact with other minds. The body, though subject to 
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dissolution as an aggregate of elements, none the less, jnat 
through these very materials of which it is composed, shares 
iu the stability and permanence ot the physical universe as 
a whole. This stability, of which the law of the conservation 
of matter is the most general formula, has found expression in 
the scientific concept ot the material world as n closed, self- 
contained, mechunicnl, material system; a system in which 
minds have no share or place, which was before ever a mind 
had evolved, which will he long after nil minds are extin¬ 
guished, and which behaves according to its own laws, 
independently of the presence or absence of minds. We need 
bnt go one step further, and either deny the existence of 
minds altogether, or treat them uh mere idle, ineffective 
by-products of the bodily machine, to have the theory of 
reality which is called Materialism. In the continuous 
material system which this theory assumes, minds seem but 
like discontinuous sparks, kept flashing, here and there, by 
bodies of a certain structure,—sparks which glimmer for a 
brief space und then are gone for ever. Not only do they 
seem to have no continuity with each other: even within 
their own short span of existence they are subject to constant 
interruptions by sleep and unconsciousness. What tides us 
over these intervals, these breaks in our mental life, except 
the continuity of the material frame, the body? Reflections 
such as these almost inevitably lead one to ascribe a higher 
reality to the body, and in general to the material universe, 
than to the mind—to call the material universe “reality ” 
par excellence, and to treat it us complete in itself, and 
independent of mind. 

This was the position of the Old Realism, which was 
thus, in effect, more or less deliberately, more or less out¬ 
spokenly, materialistic. We shall recognise it wherever, in 
any philosophical theory, we find these two orders of exist- 
ents asserted, a material order and a mental order, with 
the implication that the former is fundamentally more real 
than the lntter, aud therefore the latter dependent on the 
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former, hut not rice versa . It is a view which we can easily 
identify hy asking the fundamental test-question which I 
propose to address to ail Realisms: supposing there were no 
mind* at nil, supposing them nil annihilated, how much 
would be lost out of our universe, how much would remain ? 
Whatever we take us remaining atter the subtraction of 
minds —that will be our “ independent reality,” and the 
exact character of our Realism will vary uoeording to the 
way in which we conceive this independent reality. 

Neo-Realism differs from the older forms, not in the 
fundamental principle ot asserting n non-mental reality, 
hut in refusing to regard this reality as exclusively material. 
Material objects are to it only one kind, and perhaps not 
even an ultimate kind, ot reality. There are non-material 
objects, winch, for all Iheir non-materiality, are yet non¬ 
mental, i.e., are in character and existence independent of 
mind in the sense required by Realism. True, the different 
forms of Neo-Realism in England and America differ widely 
from one another in the extent to which they go beyond 
Materialism. The Oxford Realists, led by Mr. Prichard, 
are nearest to the Materialists: in fact, their independent 
reality is just the muterial system of the Physicists, a uni- 
\erse of molecules, atoms, electrons, etc., a universe without 
sound or colour or taste or smell, in short, a universe stripped 
of its secondary and reduced to its primary qualities. Again, 
the Manchester school, represented singly but mightily by 
Professor Alexander, is materialistic in temper, for it speaks 
of real objects oe “ physical 99 and as “ bodies.” Its Material¬ 
ism, however, is, like Sam Weller’s knowledge of London, 
" extensive and peculiar,” for it treats the objects of dreams, 
hallucinations, imaginations as no less “physical ” than the 
filings of our waking perception. Only when it comes to 
numbers, does it confess itself puzzled. For they are clearly 
not physical, and yet are “real” and “independent.” The 
last of the English schools, viz., the Cambridge school, led 
by Mr. Bertrand Russell and Mr. G. E. Moore, is very much 

12 
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less materialistic* than the previous two, 3 largely because, 
through Mr. Russell, it Las been profoundly influenced by 
modern mutliematicul and logical theories, and among the 
latter, more especially by the writings of Meiwmg. 

Now, it is just here that, as it seems to me, we come quite 
clearly upon the decisive break between the Materialism of 
the older Realists and the fresh conception of reality of the 
modern Realists—the fresh conception which justifies the 
epithet “New,” The decisive point, in principle, is the 
imunition ot reals which un* non-material, without thereby 
becoming "menial/* which tire, (heiefoio, both non-material 
and non-mental. For want of a characteristic word we may 
call them, with the Amt rtain school of Neo-ReuIiMta, 
" neutral " It is to be set down to the credit of the American 
Neo-Jtealists that the.v have recognised the chaiudei of the 
new principle moie clenrh than the English schools. Yet 
even they do not all seem to have appreciated its significance 
or scope. Many even among them tend to giavitatc back 
towards too exclusive a pro-occupation with reals which ure 
material. Hut the piinciple itselt i*> cleui enough. It ia 
nothing hut the recognition that every form of apprehension 
has its “ object,*’ and that the " existence" or “ sulwistence " 
of this object can be distinguished from the occurrence of the 
apprehension. The pitmiple might perhaps be called the 
principle of the independence of the i ogmtire object* It posits 
as fundamental the " objectivity " ( — the " ttcgensiandlich- 
keit *’ ot German logicians) ot whatever we are uware of. 
To be awuie " ol M sometliing implies thut there is something 
of which we are uware. Tlic exact status of this something 
in the realm of being may bo mutter for discussion, but its 
being there, as that which we apprehend, is guaranteed by the 
apprehension itself. Anything whatsoever, then, which we 
can in any way appichend at all—any object in this wide and 
inclusive sense—is real (i.e., exists or subsists), and is inde- 

* A good tost of this is Mr Russell's attitude on the question of the 
reality of univertals (Problems of Philosophy, oh ix ), or again, his 
theory of Sense-data (ibid., oh, i.-iii.}. 



pendent in the sense required by Realism. That is what the 
principle claims, or would claim, if all Realists fully appre¬ 
ciated its significance. Within the general “umvcise of 
being “ which is thus posited, w*e cun make what distinctions 
the character of the objects appears to demand. We may 
class them us material and non-material, as facts and fictions, 
as appearances und realities, as abstract and concrete, as 
liuths und errois. But, in so far as they all are objects, 
they all alike exist or subsist independently of the mind, 
i.c ., of apprehension, thought, knowledge. 

This seems to me the really important piinciple in Neo- 
Realism --imiKutuut, both because it ficcs Realism fiom the 
tetteis of a Mateiialism which hud become a mere effete pre¬ 
judice, und even more because it affords, as we shall see, a 
basis for fruitful discussion with evoiv kind of Idealism 
which calls itself “ Objective ” To be sure. Realists them¬ 
selves are otten still very tar from appreciating this fully, 
partly (as I suggested just now) Wau.se they lmve not yet 
shaken off the old habit of assigning to the problem of the 
imiteriul world a prerogative place, partly because the 
application of this principle with ruthless consistency to all 
objects whatsoever runs counter to many other established 
habits of thought, e.p., it involves “objective falsehoods.” 
It is sufficient, however, merely to think of the whole range 
of mathematical entities to have an example of objects which 
may be said to subsist, and therefore to he real and independ¬ 
ent, without being either “material” or “mental” in any 
sense ordinarily attached to these terms. 

At this point we shall he well advised to take a fresh 
breath, for the next big wave of the argument is about to rise 
up and smite upon us. 

Those with a keen ear for dialectical over-tones will have 
noticed, that in the course of the last urgument the relation 
of real object and mind has transformed its character. Such 
terms as “object,” “cognitive,” “apprehension,” “know¬ 
ledge” were repeatedly used. But with these very terms the 
problem has been put in a fresh form. We had begun by 
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considering the current distinction of “mind*” nnd “real 
things 11 Without reftrentt to the special feature that “ things ” 
are said to 1«» '* known ” by <4 minds.” Hut fiom the moment 
that we began to treat “ things" as “ objects” which, through 
perception and thought, are “ apprehended " or a known,” 
the whole piobleni shifted under our hands. The question 
is no longer how to distinguish in our universe non-mental 
realities from minds, both being admitted to occur, to 
co-exist, and even to co-operate as, e g. t in the “psycho¬ 
physical ” human personality The question is now the much 
narrower, but also much prntnimder one of the relation of 
realities , regarded ai oh jut* of knoirlcdg <, to the mind* which 
are *atd to know them . In short, we have hinadied what 
lias often been declared to lie the central problem of modern 
philosophy, viz., the theoiij of Knowledge Wo are dealing 
with the cognitive situation or relation : minds know objects, 
objects are known by minds. This apparently commonplace 
and harmless situation gives use, as is well known, to some of 
the most puzzling problems of philosophy. We can now 
re-define the issue between Realism and Idealism in a 
preciser foun Idealism, according to the interpretation 
of its Realist critics, holds that to be real is to be known, to 
be object of a mind, that this relation to, or dependence on, 
a knowing mind is essential and constitutive alike for the 
existence (or subsistence) nnd for the nature of the object 
known. Idealism, on this view, extends Berkeley’s esse est 
percipi to judgment and inference: it ie the thorough-going 
and consistent elaboration of a monstrous initial assump¬ 
tion, viz., that things are “real” or “have being” only 
when and as long os some mind perceives or thinks them. 
That the language commonly employed by Idealists lends 
colour to this interpretation, is undeniable, cp., t.g. % the 
phrase “ reality is our intellectual construction.” But I 
shall try to show below that the interpretation is, none the 
less, misleading. However, for the present, the point to note 
is that Idealism is held to identify reality and mind in the 
setose of dissolving our stable, systematic universe, s.g., the 
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world of nature, into the dieam-hke tissue of the flux of 
perceptions and thoughts Thcie is nothing leal Idealists 
are understood to Bay except wh it nunds jm rceive and think 
when and so long as they peiceive uid think it Tiuly this 
inn} seem a leduction oi reulity to mind which dissipates 
ieaht\, and which, mstead of real things, lea\es nothing 
but mental states in oui hands \o womUi that the Realist 
uses up in defence of reality mil pnxlums its independ¬ 
ence of mind in the sense tint it exists and his i definite 
mtme of its own, whethei it is known 01 not Thus Pio- 
fessor Perry declaies that Realism means that things may 
be and are, directly expenenced without owing either their 
being oi then natuie to that (iicumstance 4 Piofessor 
Montague states the same view moic fulbomdj Realism 
holds that things known may continue to exist unaltered 
when they me not known, or th it tlungH may pass in and out 
ot the cognitive lelition without piejudue to then lealitj, 
or that the existence of i thing is not unrelated with, 01 
dependent upon the fact that anybody expern nces it pei- 
reives it < oneeives it 01 is in an> wa\ aw ne ot it 5 The 
English Realists speak in a similar sti un Thus Mi 
Puchaid sajs Knowledge urnonditionally presupposes 
that the leahtj known exiHts mdepemlintly ot the knowledge 
ot it and tint we know it ub it exists in this independence 6 
Vnd again We i an no nioie flunk tint in ippiehendmg 
tealitv we do not apprehend it is it is apart trom our know¬ 
ledge of it, than we on think that existence depends upon 
oui knowledge ot it 7 Protessoi Yle\ wider dec laic b the 
' util question to be whetlui objects ue independent of 
mind, and piopoaes to use the teuns non mental ’ or 
external to express this independence 8 Thebe quotations 
ma\ suffice to illusti ite the lusistenc e with whu h Neo-Reilists 
oi all shades uphold the comcption oi i univeise which shall 

* Pk\Utophi at Itntl r i * eh xui ^6 p 115 

/ h* \fu It at mm nppendix p 474 

‘ A an /a Throty rif A nmphdqr ch i\ p 11N T Ifnrl p 110 

1 "On Sensations and Ira-iga* Pr c tnrt JSo 1000/10 pp 6 % 
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be "real” in the sense of “ independent of mind,” where 
“mind M means knowledge or the processes (or activities) of 
knowing (perceiving, thinking,, etc.) nnd where “indepen¬ 
dent ” means that these processes make no difference 9 to the 
nature or existence of the Teal. 

Now, in ordei to deal with the issue in this form, we 
must once more take a survey for orientation. And our best 
clue will be to put the question: What do we mean by a 
mind? What does it do}' What is it made of? What are 
its constituent elements? To guide uh to the answer, let us 
again apply the test-question suggested above: What would 
disappear from our universe if minds were wholly to dis¬ 
appear out of it? That is, in effect, the subtraction which 
the Oxford Idealist, Mr Prichard, asks us to make when 
he I3ys down the principle that we must treat as mental 
everything in the universe which would disappear with the 
disappearance of minds. Very well, let us make the sub¬ 
traction. * 

(*f) Minds are commonly said to feel, to think or know, 
und to will, or to consist of feelings, perceptions and 
thoughts, and volitions. Rough and ready as this threefold 
division is, it has well-established philosophical tradition in 
its favour, nnd it is, moreover, endorsed by most modern 
psychologists. It will serve sufficiently well for our present 
purpose, and so we shall conclude, in the first instance, that 
the disappearance of minds from the world uould mean the 
disappearance of every kind of feeling, thought, and will— 
in short, of ” consciousness but would leave everything 
else as it is. 

(6) But in there anything else? That is just the point at 
issue. Let us try further. Leaving aside feelings and voli¬ 
tions, on the ground that the dispute is concerned only with 
**knowledge” of real objects, ue Bhnll say that to “know” 

* Professor Ferry protests against the phrase "making no difference” 
(New Realism, p 104), bat it seems a fair paraphrase of the view 
expressed in the quotations given, and it has the authority of Professor 
Boyce (The World and the Individual, First Series, pp. 118-138), and Mr. 
Joachim (The Xattrre of Truth, pp, 33, 58). 
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ia to perceive ami think It might be objected that thin is 
too unqualified a statement. To know, it may be said, is to 
perceive and think truly, to perceive and think things as 
they are . Not all perceiving and thinking satisfies this test. 
We mis-perceive, we mis-tlnnk. Mistakes ami errors are not 
“ knowledge.” Hut thin distinction, again, we muy neglect, 
for even when we think falsely, we do undeniably think 
umuthmg: our minds ure* not tin empty blank. There is, 
cognitively speaking, nn object —misconceived and distorted 
if you will, but still an object. For this reason, we shall fnke 
knowing in this wide sense of “ upprehendmg,” by percep- 
turn or thought or imagination or in any other way, any 
“object” whatsoever, and we shall ask again: whut dis¬ 
appears when kngwledge or knowing is subtiacted from the 
universe ? 

And here we are at the parting of two ways “Know¬ 
ledge,” I said, or “knowing.” That suggests febe distinction 
between “knowing” us the minds activity , and 11 know¬ 
ledge” as what is known (=*tbe object). The conclusion, 
paradoxical in language, would be tlmt, though knowing dis¬ 
appeared, knowledge would remain. And, further, it W'ould 
follow that what is known and whut is real aie, in principle, 
one and the same, und Idealism is on the point of being 
justified. But the solution, alas, is not so simple. We are 
forgetting that this simple distinction between the activity 
of apprehending and the object apprehended, though 
defended by recent theory, runs counter equally to every¬ 
day thought and to much authoritative philosophical specu¬ 
lation. For example, when we dieam or indulge in the play 
of imagination, we do not merely regard the activities of 
dreaming or imagining as mental, but the dream-objects 
and imaginations ns well, In a word, we recognise objects 
which are “ mental ” und would disappear with the dis¬ 
appearance of minds. And these “mental” objects we 
class as “ unreal ” by distinction from those which, though 
equally capable of appearing within the field of apprehen¬ 
sion, are “real.” And of these "rear* objects we tend to 
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sa\ that in 1 m i oming objtc ts the> do not b<u ome ‘mental” 
in alioit ill it tiny ue non-mciitil 01 it least not meiely 
ment il, not sue h is to dtpend foi their existence and that- 
cutei on the ictmlv of tin mind 10 Oui conclusion would 

• In thiH p'ihh ige t ho Ur ran wentil eU have bun used in then 
cunent lonimonmnsi me unrig But U> i cutudl ieider it is obviouH 
that tin* wuhc ik full «t unbiguity and whtu there is ambiguity tbcic 
tht situition ib full at dulpctu il possibilities I oi example the curmit 
distinction of minds and bodies and tho idtntification ot bodies with 
matori il non mental leal objeits ih a niece of naive metaphysical 
doffma wlmli taken no account of tht puudoxcH of the thcoij ot know 
ledge It docs not reflect that b>dioN and minds in older to be dm 
tingmshid must both be thought of / must both become objects must 
enter into (ogmtnc relition to a mind But this means that the mind 
ih capable of upprehuiding 1 m>Ui itself ind what ih not itself (its other ) 
and of dial rnguishing itself from its other —Or Offam we distinguish 
with llluHorv east in popular theory between * things and thoughts 
and since tho mind thinks m has thought* wo tend to identify the 
distinction between thing* and thoughts with the distinction between 
object* (non raentnl) incf minds But thought* irt of or * ibout 
things What then exactly ih the distinction between a thing and the 
thought of that thing? Or between the thing in itself and the thing as 
thought?—And yet again as wo found just now a mind can make an 
object of itself i e form i thonght of itself But if bo the distinction 
does not lie simply between non mental objects ( things ) and thoughts 
There is a flouble distinction via (l) between things and minds 
both alike regarded as object n xnd (2) between all objects mental or 
non mental and the th ught* of these objects Thib is the distinction 
involved m the cognitive relation object* and mind being the terms 
related and knowledge 'ippiehension * etc the namei, for the 
relation Or we may push the subtleties still further and ask, whether 
we ought not to distinguish between a mind and its thoughts, as well os 
between its thoughts and the objects of these thoughts even though 
one of them be the mind itself And whether in the end a mind can 
think anything nt all but itself-' All these dialectics and plenty more, 
ire to be found m the liter iture of the subject and very pretty sport 
they moke for those who care to exercise their ingenuity in this wav 
As the net result for our present purpose we may perhaps carry away this 
moral that wo must distinguish between (a) the groundson which within 
the totality of possible objects of thonght 'mental may be differentiated 
from non mental objects without any teference to the cognitive relation 
and (6) the ground on which in analysing the cognitive relation of a 
thought to the object of which it is said to be the thought any 
object whatsoever ih discriminated from the thought of that object or 
from the mind that thinks the object The issue Between Realism and 
Idealism at least as interpreted by Realists arises wholly under (b), 
being based on the cognitive relation The decisive question is whether 
that relation is essential and constitutive for the existence and uatuie of 
all objects whatsoever Most Realists hold that there are objects for 
which the relation is temporary and accidental and which are therefore, 
"independent and "real and other objects which are "mental in th« 
Special sense that tliev occur only in this relation In this foim the issue 
involves the logical char itter ot ielation* a problem with which I am not 
ooneerned in this paper But an examination of some othei arguments 
concerning tho 'mental charoctei of objects will be found below in 
the "Conclusion In this context the paradoxes about "ideas," alluded 
to below in the text, should also be noted 



then be that foi these umeil objects, the** ireatnies of 
dream and imagination, the Ideihstic thcoiy holds good 
toi them ease est pen ipt On tin othej hand leal objects are 
thought to have an u independent existence pu s< They 
puss into itid out of the cognitive ielation 111 print lple with¬ 
out modifat ition lbe si itus ot bung ijipiehendecl which 
the\ 111 ly tempoi mly ou upy mikes no essential dtfteience 
to then tharatiei or existent e Oil tins view, then, the 
totil umveise of oui t onstlousness the umveise which is 
to-cxtensive with the lange of menial utnitv— is uincle up 
ot leal oi non-ment il md unmil ot mental objects ot which 
the Jormei would suivivt and the littei polish, with the 
diHippearam i ot minds It is also implied that while the 
umveise of consciousness contains much th it is itmeal it 
is veiy fai horn containing all that is re il The real objects 
winch at any one time aie within it ne only a iiagment of 
a vaster non-mentul umveise ot independent entities 

Veiy well let us see whither this view leads What 
objects aie mental m this sensed Dreams and imaginations 
we have mentioned already Hallucinations and illusions 
aie an obvious addition In geneial all errois and mistakes 
and “mere/ 01 “subjective/* ideas belong to the mental 
group And why only false ideas ■' Why not all ideas what¬ 
soever i' Does not tmth after all, belong to the nund as well 
is enoi 9 tommonsense will haidly object, and there is 
good philosophical authonty from Descartes onwards foi 
heating all ideas as mental Indeed if an “idei 99 is not 
mental, what ih v But ‘ \chtung* ns the toboggunists ciy 
at Swiss wintei-sports What in the woild is not idea or 
capable of becoming idea Foi in idea is the thought of on 
object and even the most ieahf.tic.dlv leal object can be 
thought of It must , in fuct be thought oi, else how could 
the Realist theorise about it? It thus c an assume the status 
of an idea But does it not hereby become 4 mental,” an 
element in some mind' With the diM.jp]>taiouce of mind 
will not then the universe* quA ldeu, qud object of mind, 
disappear 9 If you eliminate minds, so it would seem, you 
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eliminate their ideas, and thereby the umver»e w> far a* it is 
** object.” Hut, it ho, is thcicuuy uiiivciHo left at ull? Once 
more the Realist, if rashh tempted to commit himself to 
this line of thought, finds himself in dire peril on the pre¬ 
cipitous edge of Idealism. He can save himself only by 
abandoning the identification of real with non-mental, and 
of unreal with mental objects, nml falling bnck on the broad 
principle that activities t,u of apprehending are mental, 
and that nothing else is. All objects, therefore, will be real 
quA objects. We return, in short, with fresh appreciation to 
the cognitive sense of these terms, the recognition of which, 
as I said above, is the characteristically new feature in Neo- 
Realism. 

The ambiguity of the teims “ mentul M and “real,” and 
the instability of the current distinctions between them, 
may be illustrated by another line of thought Among the 
objects which are mental, and winch would disappear with 
the disappearance of minds, there are, according to a well- 
known view, all colours and sounds, all tastes, smells, touch- 
qualities, temperatuie-quttlities, in short, what philosophers 
have called the “ secondary M qualities of things. The argu¬ 
ment in support of this view is almost too familiar to need 
re-statement. Real and non-mental are the physical dis¬ 
turbances, the air-waves, the ether-oscillations, the ohemieul 
processes in nose and tongue; real also are the effects of 
these agencies on the nervous system— the nerve impulses 
started in the sense-organs and piopagated to the brain. 
Only their ultimate results, the “ sensations 99 of colour, 
etc., are mental. A pleasing, but in spite of much scientific 
support, alas, an unstable view. For, clearly, from the point 

11 “Activities” i n iwed in n quite general sense, being a term employed 
by all flchoola of Neo-BealI mid, But among themselves they differ widely 
us to the character of the cognitive activity. To tome American Realists 
it in apparently identical with the selective reaction of a nervous system to , 
stimuli. IWesaor Alexander treats knowing, thinking, perceiving, etc., 
am no many “conations.'" And to him, an to most English BealmtH, these 
activities aie ultimate, unanalysable modes of being conscious, modes 
of awareness. Similarly, “relation," as applied to knowledge, is a word 
oommon to all Realists, though the nature of the “cognitive relation" Is 
very differently interpreted by difterent schools. On both these points 
see below. Part II. of thin paper. 
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of view of knowing, we hove to begin with these mental 
objects, and by an effort of inference we have to leach the 
non-mental chuscs that lie beyond them. These are not, 
therefore, directly apprehended. They are matters of infer¬ 
ence, that is of theory; they are assumed as hypothe*e* % 
whose maintenance depends on the somewhat precarious 
factor of their working ” value. No doubt, muny scien¬ 
tists, being--perhaps excusably- little interested in the 
philosophical aspects of their procedure, take atoms, and 
electrons, and electric vortexes, and ethers and rays of all 
sorts, us so many' solid facts. But those with a taste for 
speculation soon realise the hypothetical, the often almost 
fictitious, character of these entities. I need not quote 
Helmholtz, Mach, and other leading authorities, in support 
of a view which I may assume to he familiar The more 
science goes beyond the direct matter of fart, presented by 
the senses, and builds up its theoretical edifices with hypo¬ 
thetical bricks, the more does it deal with “ things of the 
mind.” The universe which is “real M in the naive sense, 
cannot well, it is thought, lie the abode of things which are 
fictions and whose existence depends on the maintenance of 
hypotheses. If the objects of all imagination are mental, 
and therefore unreal, how can the objects of the scientific 
imagination be exempt? But behold the paradoxical con¬ 
clusion to which we are driven. The world of the physicists, 
so far from being through and through “ rear* anil lion- 
meutnl, is through and through mental and ” unreal.” For 
whether we take it as colours and sounds, etc., or as elec¬ 
trons and energies, in either cane arguments for the 
u mental” character of their universe can be brought for¬ 
ward, which scientists themselves have endorsed. There are 
only two remedies: either to revise the whole loose concep¬ 
tion of “ mind ” and the loose distinction of " mental ” and 
non-mentnl/’ and the loose identification of this pair of 
terms with “unreal” and “ real ” respectively , 13 oj* to cease 

19 Some further observations on these points will be found in the 
“ Conclusion " of this paper. 
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regarding 1 the “ mental M ohmarter of objects as fatal to their 
“reality/* In a sense, these alternatives are not exclusive, 
but, prima fane, Heal ism adopts the first and Idealism the 
fceeond. 

We may, perhaps, summarise ihe net lesult of this first 
nud longest part ot our nrgumeut by saving, ( 1 ) that we have 
found all the current distinctions between reality and mind, 
however convenient in theii own context, to break down 
under the pressure ot philosophical criticism; ( 2 ) that we 
had better say, with the Itealists, that any and every object 
ot apprehension has “reality” or “being” in the most funda¬ 
mental logical sense ot “ objectivity M or “ Oegeustuml- 
lichkeit ”; (S) that, on tins common basis, the i«Rue between 
Realism and Idealism is whether, over and above this sense 
of reality, there is a tint her sense in which all objects (or 
perhaps only some of them) aie “ independent of appre¬ 
hension and therefore ot mind , 11 and what is meant by 
“mind” in this context. 

PtHT II, NtO-UhALlSllC Tiikokiks ot Mixo. 

The general survey, undertaken for the sake of orieuta- 
tion, which we have just completed, will now enable us to 
appreciate the exact healing ot the Theories of Mind, offered 
by modern Neo-Realists. We must say “ Theories,” for it is 
just on this central ]>oint that Neo-Realists differ most strik¬ 
ingly from one another. Tn order to keep this paper within 
reasonable limits, and not to bltur the points which I shall 
try to make, I shall neglec t all minor vaiiations and go 
straight to tlie fundamental cleavage which ranges the 
English and the Ameiuan Realists in opposite camps To 
state their difference at once in technical language: the 
English Realists are Dualist* * the American Realists pro¬ 
fess an “ Epistemological Monism.” In other words, for the 
English schools mi min or con wiousnesses arc a distinct kind 

11 Tim w, of course, the hawip issne a** that mentioned at Hip end of 
the footnote on p. 168, vw , whether there aie objects which ore "real* 1 in 
the Meuse of having An exigence apart from their occurrence am term** in 
cognitive relation. 
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of eniitm nr thing* wft/ftf-ieals it I may use flu woid, as 
against all otlm c ntitu s whie li 11c oftyc/Y-ieaIs 1 liev hold 

ill it theie is something distinct hoin ill objcits, having (as 
it weie) a substuitial existence oi its own nul tins some¬ 
thing the utivities of which we call sens it ion, peiception, 
thought, memoT) 1 mag in ition, etc is mind 01 conscious¬ 
ness I he \meiintns, on tlie othci hand hold wlnt they 
ilescube as the ulntwnnl thorp of consuonsness i theoiy 
it first sight much moie difficult and puiadoxual than the 
1 nglish theoiv, yet containing as 1 beliexe the truei pnn- 
(iph On tins theon, which h ns is \et been stated only m 
fiigmcni*, // mnuf i* amply a ufutetf group to dan out of 
tin total H/nmirof things uhtdt subsist \I> mind, c g , at any 
given moment ts just that limited lange ot objects, whether 
peicened oi thought oi imagined etc , which it that mom¬ 
ent lie within, m constitute the held of my consciouaness 
( onsc lousness is ineiely \ demount? a live turn a held 
of c onsc lousness is just an mclusi\c pluast toi that fiag- 
ment ot the uiuveisc which i« at my given moment un 
object 9 It me ms tilt ielation oi piinuplt ot grouping 
which, fiom moment to moment out of the totality of reals 
in the umveise, brings just this hum ell intous lot of odds and 
ends together whu h I see heai think doubt etc etc The 
explanation of the gioupmg is to be found m the selective 
Hction of the nervous system which lesponds only to certain 
elements in the total environment 

Let us trace the difference between these two views more 
in detail 

Th» Lnghsh Iteohsts we may take Piofessor Alexander 
us n cleui example of this line of analysis stmt from the 
u cognitive situation, < g I pen eive a tiee Dnect inspec¬ 
tion of this situation ie\eals the fact that we have here the 
“compresence 99 or *' 1 togetherness” ot two things, via , a 
physical thing, the tree, and a mental flung, vis , the percep¬ 
tion or act of perceiving The Dualism of this view le obvious 
r lhe function of the perception is to leveal the tree just as it 
is, hence it is, or ought to be, infallible, there ought to be 



174 


no loom foi any mist ike it inn uot i ikify 01 distort For 
consciousness is \ quality lost* trinspumt medium which 
huving no clmaitei of it* own t innot diei or modify the 
chaiaiter of that wlmli it leve Is When steeped into this 
medium is it weie tliinK s hip sud to he ippiehended but 
it is not ntcissuv to then existent t ot to then natuie tint 
they should be so steeped They ale wli it they ire whether 
oi no tonsoi )usnoss emelops them wholly or pirtially for a 
longer or \ shorter timt Only in one icspeit does Piofcssor 
Vlexindu indie ite the char utti ol these quality less turns 
parent uts cf < c nsi lousntss i little more fully He describes 
them is (onitions 14 w itli u ti leiue it would sot m chiefly 
to tin element ot it tint ion to 01 duet turn upon in objei t 
A mind thus is i systun of tonitions In put the 
point of this view is |x limit 1! ind diluted igunst much 
cuirent Psycho 1 og\ whuh by nu ms of tin imbiguous 
phi ise content ot input il protests pi u es within the 
mind ill kinds fl < lemcnts whit h hht tin s( tilled quail 
ties of sensitions ind unices ind ideas aie for 
Professor xandei \ ut ot the objective leality stiutly to 
be distinguished from the ment il pioct sses 01 at ts which aie 
irunsp irent t on itions duet ted upon these objects 

Now this new is not ut uly itself so transparent as it 
looks We cm isk seuril iwhw ml questions about it 

( 1 ) In the fust plat e it t ons lousnrss has no ch u k tei of 
its own how c in we uctgmse it oi identify it at all How 
ecu we distinguish it when piesent troin the thing which is 
its^jet t 9 W hot is the difference e\( ept m wonls between 
the tree by itselt ind the tree enveloped in this translucent 
medium 9 In short does the word consclousness stand 
for anything at ill * 

( 2 ) If consciousness has no ch u utei of its own how can 
we distinguish between different forms oi modes of it 9 
What is the diffeienoe eg , between perceiving and think* 
mg apd imagining 9 Cleaily there is only one way out— 

u Sm his paper in the Bntuh Journal of Ptychology to! It 1011, 
entitled Sketch plan of a Conational Psychology 
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the way which Professor Alexander is compelled to take - 
vie., to connect apparent differences of consciousness with 
genuine, qualitative differences of its objects, to correlate 
sensing with “sensa,” perceiving with “perceptu,” thinking 
with “ cogitata,” and so on But this, I submit, may save 
the situation verbally, but is in effect a confession of the 
bieak-down of the attempt to distinguish consciousness as a 
separate “ somewhat ” from its “ objects.” 

(it) Suppose we grant to Professor Alexander tliut every 
item of perception or thought or memory, etc., is in itself 
directly apprehended, such as it is, there yet remain to be 
accounted for all ihe operations ot synthesis and analysis, of 
interpretation, ot inference in short, all that is usually 
described as the work of “ constructive intelligence.” For 
example, I do not simply “see ” a tree On the contrary, 
\iMiui perception, stripped of all inferential interpretation 
and reduced to the actual visual datum, presents me merely 
with a variously coloured patch of u certain size and shape 
in my visual field. That this, which is all I strictly “ see,” 
is or means a tree, is more than sight, it is inference. But, 
supposing it were all sight, 1 should not ordinarily stop 
there, but go cm to think about the tree, to recall other 
things connected with it or beaiing on it, e.y t% that it illus¬ 
trates certain botanical principles, or that I climbed it as a 
boy, or that it is to be cut down for file-wood. The chief 
function of what is ordinniily called “mental activity” is 
just this expansion and amplification of the “ given ” object. 
We do not merely apprehend passively, but we elaborate 
actively. We add, we modify, we analyse, we interpret. 
True, it is through these processes that error is apt to enter, 
but it also is no less tiue that only through tliewe processes 
do we achieve knowledge. How can the theory of a quality¬ 
less activity account for these facts? A conation, suob as 
Professor Alexander describes, might conceivably be 
directed upon a given something. But how could it add to 
it P Or go beyond it by memory or inference or imagina¬ 
tion? Clearly, the nexus which makes the additions rele- 
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vant, and the whole spiing of the movement which lend* to 
the additions, is to be sought m the nature of the objects, 
not in that ot the supiwsod tiunsjKirent conations . 18 

In piimiple the Name distinction between an object 
and n transparent mental act is drawn by Mr. G. E. Moore, 
of the Cambridge School of Heal ism. To reduce the problem 
to its most elementary foim, he takes the exumple of a 
"sensation of blue,” 1 ® which he analyses into the object- 
element ‘‘blue,” the mental element sensation, and a unique 
and not otherwise descnbable relation between these two. 
The sensation is “ a case of ‘knowing,’ or ‘being aware of/ 
or 4 experiencing * something ” The blue is not a mental 
" image ” or the quality of anything mental at all. It is a 
real, independent feature of the universe, standing moment¬ 
arily in this unique relation to a sensation or act of sensing. 
To reflect on one’s sensation of blue is to 1m* " aware of an 
awareness ot blue.” Mr. Moore floes on to point out that 
there is this difficulty about tbe analysis, viz,, that to fix 
one’s attention on the " consciousness ” apart from the 
“ object/’ is apparently to focus on mere emptiness, on some¬ 
thing so "diaphanous” that nothing seems to be there at 
all. Most students will agree with Mr. Moore in this, but 
they will draw the opposite conclusion from that which Mr. 
Moore has drawn They will conclude that consciousness is 
not distinguishable, m the sense iequired, from what are 
called its "objects.” But Mr Moore sets out with the 
determination to find such a distinction, or if he cannot find 
it* then to manufacture it in the name of Realism. Thus he 
is driven to invent a diaphanous consciousness to fill the gap. 
But there is, ns I shall try to show below, another way . 17 
Meanwhile, suffice it to say that Mr. Moore has not, so far 
ns I know, extended his analysis to other modes of mental 
activity. Hence, wdiilst his view is open, in principle, to the 

“ Thu is really the feature on which “Objective Ideal urn" inafetn. 
Bee below in the "Conclnuion” of thu paper. 

u See Mi Moore'a article, A Refutation of Idealism, in Mind, N S., 
.tto. 48 (Oct., 1903), p. 449 

” See the "Conclusion” of thu paper. 
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game objection* as Professor Alexander's, we have even 
fewer data for inferring bow Mr. Moore would deni with the 
difficulties. 

Now, the American Realists, as I said above, recognise no 
such mysterious, diaphanous “ consciousness ” existing 
alongside of independent “ objects.” They take their cue 
fmm nn uiticle, wiitten hy William James in the last years 
of his life, which is entitled : * 4 Does (Consciousness Exist ?” 1H 
Tt is interesting to note lieie that, whilst never abandoning 
Pragmatism, James was the author of articles which make 
lum unniistakeahly the forerunner of American Realism. 
In the pttjier just mentioned he says of “ expel ience” that 
“ it is made of that, of just what appears, of space, of in¬ 
tensity, of flatness, of hrownness, of heaviness, of what not 
.... Experience is only a collective name for all these 
sensible natures. . . In short, he unmistakeably iden¬ 
tifies cxpeiience with the objective context, with the world, 
the universe. Now this is just what u objective ” Idealism 
ulso does. Perhaps the point becomes clearest bv asking: 
what, ufter all, is the character of seeing as distinct from 
the colours seen, of hearing as distinct from the sounds 
heard, of thinking as distinct from thoughts, i e., from what 
we think, of consciousness or awareness us distinct from 
what we call its objects? James replies: There is no such 
distinction. Seeing means colours occurring, hearing means 
sounds occurring, thinking means thoughts occurring all 
these in a certain context, described as a " field of conscious¬ 
ness.” We have, in short, the relational theory of con¬ 
sciousness : a mind is a selection, a fragment out of the total 
mass of “being.” On this basis, a Realistic theory can 
easily be built up. We need merely assume that the selec¬ 
tion or grouping is, in a manner, accidental to the elements 
thus brought together, that these elements have a nature of 
their own, and stand in relations to one another, and to other 
elements not included in the selection, which nature and 

19 See Ihtay* in Radical RmpmcUta, pp. 36-27. 

IS 
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relation* are independent of Uii« special gioitping, m that 
they may be taken to exist, whether or no they happen to 
be grouped together us a mind- we need merely assume this 
to get straightway a realistic conclusion. 

If my account is sketchy, I must excuse myself witji the 
fragmentary and tentative statements of my authorities. The 
most important of these are Professors Perry and Holt, of 
Harvard, who both, as I read them, hold such a view as I 
have attempted to outline, except that Perry appears to lay 
undue stress on the physical environment as the totality, 
out of which the response of a nervous system selects the 
items which, at any given moment, constitute a “mind.” 
This seems to me unduly nanow, to luy too much emphasis 
on objects of perception, and to neglect the ranges of objects 
.with which we deal in Mathematics, Logic, Ethics, Religion 
and other branches of thought. Holt, more soundly, 
makes his “universe of being , 91 within winch minds are 
subordinate groups, all-inclusive . 19 

By wa3' of rounding oft this sketch of the Neo-Realistic 
theories of mind, let us once more upply our terft-queetion. 
We then find: ( 1 ) That for English Realists the world would 
by the disappcuinnce of mindB lose only u transparent soine- 
thing-or-otlier which leaves the rest exactly as it is; and (58) 
that for American Realists there disappears only a special 
grouping or lelutionsliip of tlie objective elements of the 

11 Perry (we, #. 7 ., f*re*nf Teitdenru*, ch, xiii , $10) 

reems to take u too narrowly biological view in treating consciousness it* 
a "specie* of function 1 ' exercised by an organism upon an environment. 
Thin tends to restuot the environment to physical, ultimately to 
material, nature. At any rate, there ih no hint of the environment being. 
p. 7 ., moral or social or esthetic or religious and of the organism reacting 
to these character ns well Holt (Nev* ftralim, p. 872). on the other 
hand, says “The picture I wish to leave u of a general universe of being 
in which all things physical, mental, and logical, propositions and terms, 
existent and non-existent, false and true, good and evil, real and unreal 

8ub*xrt .A mind or conscionsneiw is a class or group of entities 

within the subsisting universe, as a physical object is another class or 
group." Tho whole passage should be read it puts the important pointa 
with great dearness. 

I ought to add that, in singling out Profamora Perry and Holt aa 
the spokesmen of American Realism on the subject of mind, I am 
omitting Professor Montague's view (AVw p. 281). Not feeling 

sure that, in its present Form, I understand this view, I think it safar 
not to comment on it 
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universe. The universe, composed in the last analysis of 
simple, unanalysable entities, would remain what it is, 
notwithstanding the elimination of minds. It would only 
cease to be carved up, here and there, into a speciul kind of 
temporary aggregations of selected elements On either 
view, reality in its own character is indifferent to the pres¬ 
ence or absence of minds—that m what makes these views 
realistic. 

Cokclimo.v : The Main Point nunc iu> Reply of 
Idealism. 

Throughout tliis pajier I hove bad occasion to emphasise 
the issue between Realism and Idealism. Hence it will not 
be inopportune it I conclude by outlining, briefly, the main 
point of the Idealistic theory concerning the natuieof mind. 

I said above that Idealism constiues the universe, in 
last analysis, ns a mind, the so-called Absolute Mind, or as a 
system of minds Fortunately, it is not necessary for our 
present purpose to go into the difference between these two 

the Absolutist and the Pluralist- views. Questions of con¬ 
siderable technical difficulty are involved which lie outside 
the proper limits of this paper. If w ill suffice if we concen¬ 
trate on the principle which is common to all forms and 
varieties of Idealism, viz.., the identification of reality in its 
full character with the nature and life of mind. 

Now, thus boldly stated, this theory may easily seem the 
wildest of paradoxes, hut the paradox soon disappears when 
we frankly and fairly face the issue: what does “mind” 
mean? What features of the universe does the term stand 
for or point to? And are these features so fundamental 
that we have a right to acclaim the universe, in its final 
constitution, as mind ? 

This problem is purely one of Logie —of Logic in the sense 
in which its task is to trace out the conceptual structure 
of the universe, or, in other words, the structure which the 
universe must have, on the assumption that it is a single 
self-consistent whole. In the technical language of Idealism, 
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it is a problem of tlie adequacy of reituin “categories” for 
metaphysical theory. All difficulties and misunderstandings 
which divide Idealists and thoir critics arise from the fact 
that the meaning of mind is ambiguous, that the word is 
variously used to poiut to features of the universe which 
stand on widely different levels in the scale of categories, 
which are, in other words, of very diffeient degrees of 
adequacy to the nature of reality as a self-consistent all- 
inclustve whole. I will point, in support of this contention, 
only to two meanings of “ mind," neither of which is that 
of the Idealists, but euoh of which lias been attributed to them 
by their critics, and made the giound tor a complete rejection 
of their theories. 

( 1 ) The first is the psychological theory of mind as a flux 
of perceptions and thoughts—the “ stream of consciousness,” 
in William James’s picturesque phrase. This theory may be 
adequate for Psychology, hut it is agreed on all hands that it 
is inadequate ns the basis for a theory of the universe. Its 
category is that of ceaseless, unstable, temporal sequence. 
The mmd is the vaneguted sequence of all the feelings, 
sensations, ideas, memories, etc., that follow one another 
in rapid change from moment to moment No one can con¬ 
sistently suppose- though Hume tried to do so—th*t this 
flux is the last word, the ultimate tiuth, about the reality 
which we claim to perceive, think, recollect, etc. To have 
shown the inadequacy of this view is the achievement of 
Kant in his reply to Hume. And Kant succeeded because he 
took his stand on the nature of judgment > and through it on 
the logical structure of oui universe which is expressed and 
affirmed in our judgments. 

( 2 ) The second misleading interpretation of mind is one 
which, borrowing Professor Perry's convenient phrase, we 
may call the ego-centnc.™ The term calls attention to the 
fact to which all the language inevitably used by us bears 
witness, viz., that minds, at any rate in their mature human 

••See Prratnf PkUosophiral Tfiuhnrha, ch, n &10, p. 139, on the 
Xgo-oentrie Predicament. 
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form, ure wire** Each of us says: I think, 7 feel, 1 will, etc. 
Kadi of un apeak* of my perceptions, my ide«N, my world. 
There is no object, no element, in the universe which, as 
perceived, thought, spoken of, does not thus come within 
the “ field of consciousness ” oi a thinker, a self, an Ego. 
But, argue the Realists, these temporary associations of real 
objects with Egos ( — English Baalists), these temporary 
aggregations of reul objects into ego-centric fields of con¬ 
sciousness (—American Realists), are not the ultimate truth 
about the universe. Minds, as Selves, are transitory forms. 
The range of reality which they cover, whether at any given 
moment or in the idea] sum of the moments ot their lives, is 
a mere fragment of the infinite totality. The parts of reality 
that a Self at any time apprehends, ure mere isolated, 
selected, abstracted bits ot the whole, and these aggrega¬ 
tions are unstable and constantly dissolved and re-consti¬ 
tuted. Again we see that the criticism, in its tuudnmental 
logical motive, turiiN on the inadequacy ot the categories 
employed. There is again the challenge on the ground of 
the transitoriness and instability which is inseparable from 
time; there is the challenge to the inadequacy ot fragments 
isolated from the whole, there is the challenge to the largely 
rfiaotic and accidental nature of these fragmentary selections 
trom the whole, as ugainst the orderly and systematic 
character ot the whole; there is, lastly, the challenge to the 
dispersion of reality into an indefinite multitude of finite 
minds, which between them may not cover the whole. 

And so, on all these grounds, the Realists reject the 
Idealistic identification of reality and mind; they labour to 
discriminate between the nature of reality and the nature of 
mind. But, in nil this, they are really fighting for a 
logically adequate conception of reality; they are fighting 
against inadequate categories. And, therefore, they are in 
the paradoxical position that, at bottom, they are fighting, 
not against Idealism , 6uf with tf. 

For the Idealists, as I understand tbeir theory, entirely 
and whole-heartedly agree with the Realists’ criticisms of 
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mind understood in either of the ubove-mentioned ways. 
In fuct, they have urged these very arguments themselves. 
But they reply Iliat (he Realistic theories overlook alto¬ 
gether certain all-important features of the universe, and 
that it is just these for which T(leulints use the term “ mind.” 

Perhaps I can best make this Idealistic conception of 
** mind ” clear by saying at once that the Idealist has no use 
for the English Realists’ conception of an indescribable, 
diaphanous consciousness. On the other hund. he can make 
some use of the American Realists’ conception of a mind 
as a selection, and theretore a fragment, out of a wider 
objective totality. For this is exactly what the Idealist 
culls a “ finite mind/' But the Idealist does not stop at this 
point. For it this were the whole truth about our minds, 
we could not possibly know it. It my mind wore nothing 
more than a selection out of the totulity ot real objects which 
compose the universe, 1 should uexer be able to discover the 
fact, unless I were in Mime way axvare of this very totality 
from which I select, ot the ranges ot tact lying beyond the 
circle ot my selection. We have, in short, to think the 
whole, in order to distinguish ouiselves as parts witbm it. 
And, iu order to think the whole ot which it is n part, a 
mind has, m the measure of the completeness ol its thought, 
to be the whole. If our minds aie selections out of the 
totality of reality and, ut the same time, recognisl them¬ 
selves as selections, then iu this recognition they affirm 
themselves to be the whole, focussed in fragmentary form. 
A mind, which ejr hypothec were no more than * fragment, 
could not recognise itself as such, and thar*/ore could not 
distinguish itself from, or within, the whole. This is the 
paradox of the " logic of self-conscifl^rftieflR ”—yet it does no 
more than point out the logical Z&exus of our thought in 
this act of distinction and recognition of the self within its 
world. It is also the paradox of what Idealists of the 
iH fc t lian school have called the “ finite-infinite ” nature of 
mind, which is nothing but an attempt to formulate the 
plain logical situation which consists in a mind, conceived 
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a h a fragment of reality, differentiating itself from the whole 
reality, and yet .it the Mime time acknowledging itself as a 
part of that reality. To do that, it must he more than 
** finite ": it must be a " finite " form of the “ infinite.*' 
Now, whatever we may think of this paradox when thus 
baldly formulated, it is at any rate possible to point out 
some features of our universe which support it. These 
features are logical , and are revealed in the transformation 
which the real, as given, undergoes (in the form of what we 
call judgment, inference, science, knowledge) under the 
pressure of the demand for consistency—a demand which is 
an nleul to be achie\cd just hern use it expresses the inherent 
and fundamental character of the real in its “true," /.e., 
logieally stable, form. The whole drama ot the universe, 
we may say paradoxically, is thus in its core a struggle 
toward* logical completeness. The fragments, from the 
friction and contradiction ot their isolation, strain back to 
the self-consistent completeness ot the whole. It is this 
movement or nnas to wauls logical stability which run* 
through all that we perceive and think. These terms, 
perception and thought, stand, as we have seen, tor no bare, 
featureless activity or consciousness; they stand for the 
“object*," for what is perceived and thought ant! (we must 
now add) tor the ceaseless processes ot supplementation, 
combination, differentiation, interpretation, “ construction," 
which tran*torm any given elements in I he direction towards 
a logically stable form. Take the world at the beginning 
and ut the end of a process of thought, say the solar system 
as it was conceived by primitive man, by the Ptolemaic 
ustronomers, by Kopernikus, by twentieth centuiy science 
it is the j mm* in one sense throughout, yet what a trans¬ 
formation ! It is not merely that we know more about it, 
but that we have re-arranged it all. I *ay “we" have re¬ 
arranged it, but the nature of the facts demanded it. They 
re-nrranged themselves. In fact, however, paradoxical the 
language, it make* little difference whether we *ay: we 
think the world fto-ond-so, or: the world thinks itself so- 
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nnrl-wi in us. As Spinoza would nay: 11 ileus sive naturn, 
quutenus humanam menfem eonstituit/’ 

Jn coiicIuhjou, 1 will Muunmrise the posilions which I 
have tried to maintain in this paper. Tn Fart I., in addition 
to u general survey for the sake of orientation, I showed 
(i) that the New Realism does not, like the Old, conceive 
reality as exclusively material, hut tends to think of it qs 
comprising all objects of any kind which can in any- way 
he experienced or apprehended; and (li) that it thus starts 
from an analysis of the cognitive relation between mind and 
reality, and that the antithesis ot these two terms dominates 
Realistic thought thioughout 21 

In Part II. I contrasted the English and the American 
Realists* theories of the nature of mind or consciousness, and 
showed (i) that the former tend to think of mind ns a trans¬ 
parent something, distinct from the object, though directed 
upon it: and (ii) that the latter identify mind with a selection 
from the totality of whnt is objectively real. 

In the Conclusion 1 argued (i) that, whilst the theory of 
the English Realists has no common ground with the Ide&l- 
> istic theory of mind, the theory of the American Realists 
offers u basis for discussion For the identification of mind 
with the objective field of what is perceived and thought, and 
the recognition of this field as a fragment of a wider whole is 
common to both Idealism and American Realism. But 


** It should be noted in this connection that, for reasons both ot speoe 
and ot clearness, I refrained from touching on all those arguments of the 
Neo-Realistio schools which are built up on the axiom that relations are 
external to their terms, and that these terms are ultimately simple, 
unique, and unanalysable. All Neo-Realists seem to be agreed on fills 
axiom of “ External Relations/* though some make more use of it than 
others The questions involved are exceedingly technical and difficult, 
and at bottom the issue lief, between two Theories of Logic, the Idealistic 
Theory on the one side, and modern developments of Symbolic Logie on 
the other Thus the problem of relations is another point of oonfliot 
between Idealism and Neo-BealJsm. In foot, they give battle to one 
another on a good many points, of which the problem of mind is only 
ode, though one of the most important It is clear that, if the principle 
of External Relations were established beyond dispute, and if it wore 
also established that knowledge is correctly construed os a relation, 
then the Realistic Theory of the independence of reality on its relation 
to minds which know it, would follow by a simple syllogism. 
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(ii) 1 tried to show that both forma of Realism fail to take 
account of the one feature of reality which, for Idealists, 
is more fundamental than any other, viz,,, the topical striving 
of reality, in the form of finite minds, from its fragmentary 
ness in this form towards supplementation and self-comple¬ 
tion. Hence the ** true” nature of fact is not to be found 
except in terms of stable und logically consistent theory; 
all perceiving and thinking, with their progressive stages of 
intellectual interpretation and construction, are but the 
self-revelation and self-transformation of the real from more 
fragmentary and less stable to less fragmentary and more 
stable forms. The details of this view have to be, and have 
been, worked out in systems of logic, which, guided 
throughout by the clue of self-consistency or logical 
stability, trace in detail the structure of the real world of 
our knowledge. 


U 
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The Oxidising Properties op Sulphur Dioxide. 


By J A Smyth*, Ph D , D 8c , and W Wakduw, B So 

Sulphur dioxide is no well characterised an a reducing 
agent and so extensively applied for purposes of reduction, 
both in the laboratory and in technical operations, that its 
oxidising pioperties have been somewhat neglected. 1 It in 
sufficient to compare the text-books of thirty years ago with 
their modem substitutes to appreciate that this aspect of the 
compound, though not quite forgotten, has been to a large 
extent overlooked. In the literature of the subject, however, 
many reactions are recorded in which sulphur dioxide plays 
the part of an oxidising agent, and a brief account of these 
reactions may he given before the narration ot our own 
experiments on the subject. 

Combustion Reactions .— Many elementary substances, 
especially when finely divided and strongly heated, burn in 
the gas. Potassium, tin, iron, lead, arsenic and antimony 
are mentioned in this connexion, and to these may be added 
magnesium and calcium, which burn with extreme bril¬ 
liancy. The products of reactions are oxides and sulphides 
and, occasionally, sulphur is set free. 

Reaction with Hydrogen Iodide .—Though sulphur dioxide 
reduces iodine quantitatively in dilute solution, the reverse 
action takes place in solutions of very moderate concentration 
(above 006 per cent, of acid). This fact, of fundamental 

1 It aw be of interest to aoto that aelphar dioxide, 80» tike its formal 
analogs* oseae, OQ, exhibits both oxidising sad reducing oSwaotwe. 
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importance in analytical chemistry, wus first established by 
Bunsen. 3 In n more concentrated state, sulphur dioxide is 
able to oxidise hydriodic acid to iodine, being itself reduced 
to hydrogen sulphide. These reactions are of especial 
interest as typical of many to be described later. 

Reaction with Stannous Chloride . This remarkable 
reaction, whereby the sulphides of tin are precipitated by 
sulphur dioxide, finds frequent mention in the older books 
and will be referred to in detail later. 

Reaction of Zinc and Sulphurous Aad .—The reduction of 
sulphur dioxide solution with zinc, and other metals, in 
presence of hydrogen chloride has long been known and used 
as a delicate test for the compound. An important modifica¬ 
tion of the reaction is that in which the metal is digested with 
sulphurous acid alone; no hydrogen or hydrogen sulphide is 
then evolved, but a strongly reducing solution is obtained. 
This whb noted by Schfinbein m 1862 and led, in 1869, to the 
discovery of hyposulphurous acid, n a S 9 0 4 , by Schfitsen- 
berger. The reaction was studied in detail by Bernthsen and 
Bafilen, 3 who first prepared and analysed the pure salts of the 
acid, and it was found later that the same acid results by 
reduction with titunous chloride. 4 

Reaction with Hydrogen Sulphide .—This is one of the few 
reactions mentioned specifically in the text-books as showing 
the oxidising properties of sulphur dioxide. It has been 
extensively studied, especially with a view to the preparation 
of the polythionic acids. 4 These are regarded by Debus as 
intermediate between sulphur dioxide and hydrogen sul¬ 
phide, and the complete reaction between these compounds 
is expressed quantitatively by the equation :— 

2SH a + SO B -3S+2H 9 0. 

* Aimak** 1869, lxxxvi, 261; alto Gesanmelte Abhcmdlungen* rol. ih 
p» 196. 

* Jfor., 1900, xxxiii., 126. 

* K. Knecht and X. Hibberi, “ New Bed notion Methods in Volumetric 

Analysis," 1912, p. 5. 

* See, in particular, H. Debus. &c. t 1888, Uii., 278, where rtferenoee to 
the earlier literature are given. 
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The influence of the solvent on this reaction has also been 
investigated, 0 with the result that no connexion has been 
found between reactivity and the dielectric constant or 
association-factor of the solvent; those media promote action 
in which the formation of an intermediate compound with 
either sulphur dioxide or hydrogen sulphide is possible. 

The reactions of the organic analogues of sulphur dioxide 
and hydrogen sulphide, vis.: the sulphoxides and mercuptnns, 
have been studied in some detail, during recent years, with 
results germane to the present subject. In fact, it was the 
recognition of the oxidising properties of the sulphoxides, 7 
first clearly^ enunciated by Hermann, and the proof that 
sulphur dioxide can oxidise mercuptaus, 8 which directed the 
attention of the authors to the oxidising properties of sulphur 
dioxide with respect to inorganic compounds. The mutual 
relations of sulphur dioxide and hydrogen sulphide and of 
their organic derivatives, the sulphoxides and mercaptans, 
may be illustrated by the three following (quantitative) 
leactions:* 

SO^ + 4 OH, O.H, 8H-CCH, + C,H 4 ),R, + 2H,0. 

(CH, O.HJ, 8,O f +4 OH, 0,H t 8H-3 (CH, C.H,), 8,+2 H,0. 

(OH, C,H # ),8,0 J +2 8H f -(CH t O^H,), 8 i + 8 t +2 H,0. 

It will be noted that, in all cases, the sulphur dioxide and 
derived sulphoxide act as oxidising agentB, the hydrogen 
sulphide and derived mercaptan ns reducing agents. 

The Reduction-Products of Sulphur Dioxide. When 
sulphur dioxide exercises an oxidising action it is itself 
reduced and the possible reduction-products are lower oxides 
of sulphur, of the general formula 8. O s ._n* sulphur and 
hydrogen sulphide. Of these lower oxides, only one, S 9 0», 
is known and it is the anhydride, formally speaking, of 
hyposulphurous acid, though the relationship could not be 

4 D. Klein. Joum. Pkys. Chem 1011, xv., No. 1, p. 1. 

* F. Hermann. Str., 1006, xxxviil., 2024 ; 1006, xxxix. 3812. 

J. A. Smyth#. 8oc. t 1000, xo?., 840; 1014, ev. v 646. 

B. Holmberg, Her., 1010, xlliL, 226. 

• J. A Smytbe end A, Forster, 8oc, t 1010, xcriL, 1106, 
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proved, experimentally, by Bernthsen and Bazlen (op. cit.). 
AH the oxy-acids of sulphur, except dith ionic* acid, which is 
«u oxidation-product of sulphur dioxide, may be legarded us 
derived fiom these lower oxides by combination with water, 
and coriespondirig to this, they ore all prepared by reduction 
of sulplmious acid or sulphites with mild reducing agents 
(sulphur, hydrogen sulphide, etc.), and, generally, two or 
more of the acids are toimed in the same reaction. 

Some examples of the reduction of sulphur dioxide to 
sulphur and hydrogen sulphide have already been given and 
our experiments have been chiefly directed towaids this 
aspect ot the subject, the reducing agents employed being the 
lower chlorides of the metals So far as we have been able 
to determine, only one such zeuction, that with stannous 
chloride, has been described before, and the published 
accounts are Licking in precision. 

It will he obvious that oppoitumty for reaction occurs 
with the lower chlorides, which may become oxidised, in 
presence of hydrogen chloride, to the higher chlorides, with 
simultaneous production of sulphur or hydrogen sulphide, or, 
in favourable coses, precipitation of the metul as sulphide 
owing to secondary action. 

Xot all of the lower chlorides ot the metals are oxidised 
in this manner. We have been unable to get any evidence of 
reaction in the case of arsenic, antimony, lead and thallium. 
The lower chlorides of chromium and molybdenum, on the 
other hand, lenct with great ease, reducing the sulphur 
dioxide to hydrogen sulphide and being themselves oxidised 
to the higher chlorides. Cuprous chloride reacts to a very 
slight extent with production of sulphur ami cuprous sul¬ 
phide, hut the precise conditions necessary for this re¬ 
action to take place are obscure and have not yet been fully 
worked out. Four cases have been studied in some detail 
and will now be described. 
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Oxidation of Metallic Chlorides with Sulphur Dioxide. 

Stannous Chloride .—Most of the older books mention this 
reaction, some (Mendeltfeff, Miller), stating that stannic 
sulphide, others (Udling, Watts), thut stannous sulphide is 
precipitated. The difference in behaviour Inwards sulphur 
dioxide ot the chlorides of tin, arsenic and antimony has been 
utilised in order to detect the last two metals in presence of 
excess of tin, 0 and the oxidation of stunnous chloride with 
sulphur dioxide has beeu suggested ns a preliminary step in 
the sepaiution of the metals of Group II. in the analytical 
classification. 10 

The reaction takes place with ease in warm, acid 
solution and it is evident, from the colour of the precipi¬ 
tate, that stannous sulphide is first formed; the colour, 
acid solution and it is evident, fmm the colour of the pre¬ 
cipitate, that stannous sulphide is first formed; the colour, 
however, changes quickly to the >ellow of the stannic sul¬ 
phide, undoubtedly mixed with sulphur. In highly acid 
solutions the sulphides are not precipitated hut hydiogen 
sulphide is evolved. This reaction can be well shown by 
adding a crystal of sodium sulphite to a warm, strongly acid 
solution of stannous chloride contained in a test tube; the 
hydrogen sulphide comes off so vigorously that it may be 
burned at the mouth of the tube The equation lepiesenting 
the reaction is: 

SO a + 0 II(M + SnCl a = Sn01 4 + 2 H a O + SH a 

The complexity of the reaction is appaient from this 
equation, for the ratio of stunnous to stannic salt rapidly 
diminishes as reaction proceeds and (in moderately acid 
solutions) the two salts, ns well as the sulphur dioxide, enter 
into competition for the hydrogen sulphide. These facts 
suffice to account for the progressive change in colour and 
composition of the precipitate formed under favourable con¬ 
ditions of aridity. 

9 H. ftomth. ZdL Ami, Chem 1897, xxxvl., 008. 

**L. J, Curtmtn sad J. K. Mtrout. Jouru* Amer . Chem* Soc., 1014, 
xxx vL, 1101. 
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By operating in strongly acid solutions and passing the 
hydiogen sulphide, which escapes secondary, reaction with 
sulphur dioxide m the tin solution into a solution of 
hydiogen chloride saturated with sulphur dio\ide, it is 
possible to stud) this reaction quantitatively The hydrogen 
sulphide and sulphur dioxide react according to the 
equation — 11 

2Sn j + S0 J -’lS + 2II !1 O 

so that the complete equation of reaction becomes - 

J SOj +12 HtJl + 0 SnCl a =6 SnCl 4 + G H a 0 + 3 S 

The details of the method used aie ts follows V concen¬ 
trated solution of stannous chloride is made iiom tin and 
hydiuchloiu acid and its stiength detcmimed by means of 
btandaid iodine solution An aliquot poition of this is diluted 
with its own volume of hydioeliloric acid (cone ), warmed, 
and then sulphur dioxide passed tluough foi two hours the 
issuing gases bubbling tluough two or three absoiption vessels 
containing the sulphui dioxide solution Finally, the 
sulphur dioxide in the decomposition vessel is expelled by 
carbon dioxide, the unaltered stannous salt estimated if 
present, by titiation with standaid iodine, and the sulphui 
collected from the decomposition, and absorption-vessels, 
washed, dned and weighed The sulphur is afterwards 
identified by recry stalhsation fiom chloroform and the detei- 
mination of its melting point The results of two experi¬ 
ment'., in winch oxidation of the stannous chloride was 
complete may be quoted - 

1 26 c c stannous < blonde solution, containing 289 

giums tin gave 0 850 gram sulphur 

2 25 c c stannous chloride solution, containing 2 89 

grams tin gave 0371 giam sulphur 

Weight of sulphur equivalent to 2 89 giams tin, calculated 
from equation ? 0 389 gram 


11 H Dstma, fee cti 
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Titanous Chloride —The reduction of sulphurous to 
hyposulphurous acid by tiianous thloride has already been 
noted and mention though without details, of further 
reduction to sulphur is made in the hteiatuie 13 Our 
observations point to the sulphur as a secondary product of 
leaction between the hydrogen sulphide formed and the 
sulphur dioxide used m the experiment When sulphur 
dioxide is passed into a waim, strongly acid solution of 
titanous < blonde, hydrogen sulphide is freely e\olved and 
sulphur is deposited in the solution and along the outlet 
tubes, the violet colour of the solution deepens, at first 
becoming almost opaque, then d uh-grey and ultimately clear 
again 

lhe quantitative studj of the reaction was carried out 
in a manner similar to that employed in the case of stannous 
< hlonde 1 he solution oi titanous chloride was standardised 
by means of ferrous ammonium sulph ite and permanganate 
solution, 13 and an aliquot portion of this treated as described 
above Complete oxidation t ikes place in about three hours 
The building-up ot the equation of reaction may be given 
here as typical of the other cases 

2 SO, +12 HCU 2 SB , + 4 H a O + 0 Cl, 

12 riGl a + bGl 3 -121iCl 4 
2 SH, + SO, -38 + 2 H a O 

and the combination of these gives the following equation of 
leaction, with which tiie experimental results are compared 
dS0 9 + 12 HC1 + 12 1 iC1 3 «12 1i01 4 + 6H,O + 3S 

Results 1 50 cc solution contained 0 77 gram titanium 
and gave Oil gram of sulphur 

Calculated, 8°. 0130 gram 
2 50cc solution contained 0 80 gram titanium 
and gave 011 gram of sulphur 

Calculated, S«0133 gram 

11 B Kneoht Ber , 1003, xxxri, 100 

14 B Kneoht and B Hibbert « New Redaction Methods in Vohunetno 
Aneljne/’p 48. 
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Mercurous Chloride .—When mercurous chloride is 
wurmed with concentrated hydrochloric ncid, it undergoes 
slow decomposition into mercury and mercuiic chloride and 
the solid darkens owing to the separation of the finely 
divided metal. In presence of sulphur dioxide, however, no 
darkening of the mercurous chloride is observed, but sulphur 
is deposited and mercuric chloride passes into solution; 
hydrogen sulphide can not he detected in the issuing gases 
and the solution is free from sulphuric acid. The reaction 
is slow hut proceeds to completion in time, from which it is 
evident that the reduction of mercuric chloride by sulphur 
dioxide, which occurs in dilute slightly-acid solution, does 
not take place m presence ot much acid. 

The equation representing the oxidation of the mercurous 
salt by sulphur dioxide is: 

SO a + 4 T1C1 + 4IIgCl« 4 HgTl a + 2 II a O + N 
and with this the qunnhtathe data are in complete accord. 

The method used in studying the reaction quantitatively 
is us follows: about 20 grams ot mercurous chloride and 
100 c\c. ot concentrated hydrochloric acid are warmed by a 
small flame and u slow stream of sulphur dioxide passed 
through the liquid tor 6 hours. The residue is filtered, 
washed, dried and weighed, then extracted with chloroform 
in a Soxhlet lube uud the sulphur recovered by evaporation 
of the chloroform and weighed. From these data, the yield 
of sulphur from the oxidation of a known weight of 
mercurous chloride cun be estimated. 

Results: 


Mercurous chloride token .. 

1 . 

Oram*. 

20641 

3. 

Gram*. 

21-316 

Mercurous chloride unchanged ... 

4065 

6177 

Sulphur, found . 

0-526 

0-490 

Sulphur, calculated . 

0640 

0-610 


The reaction is facilitated by withdrawing, at intervals, 
a portion ot the solution and replacing it with fresh acid. 
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Petrous Chloride —lliat the piesence of much acid 
prevents the complete leduction of feme c blonde by sulphur 
dioxide is a iact known to amlytical chemists, 14 and, in the 
light ot the ibove expenences, one might infei that the 
leverse piocess, mz , oxidation ot the ferrous salt by sulphui 
dioxide, would be operative in strongly acid solutions 
Experiment shows this to be the case When sulphur 
dioxide is passed into a stiongly acid solution ot tenous 
chloride, the colour quickly changes to olive green and then 
reddish-brown uid the liquid becomes opalescent owing to 
the separation ot sulphur, after a little time the sulphur 
agglomerates and settles out in whitish flocks and scales and 
a taint milkiness appears in the outlet and guard tubes 
Ihis is presumably due to the liberation of hydrogen 
sulphide, though this gas has nevei been detected, li 
produced, whethei directly or by secondary reictiou between 
sulphur and water, 15 the quuitity must he extiemely small 
Ihese chunges occui in cold, but more readily in warm 
solutions 

On removing the sulphur dioxide by heating the solution 
in a stream of carbon dioxide, the presence of feme salt can 
be easily ascertained by the usual tests, the solution does not 
contain sulphuric acid, whence it is evident that simultan¬ 
eous leduction ot the feme chloride does not take place, 
and further, that the sulphui set tree in the oxidation-process 
is not oxidised by the iemc chloride, though such happens 
to a large extent in hot, dilute (one per cent) solution 16 
hor the detailed study of tins reaction, the following 
method was used Pure electiolytu non is dissolved m puie, 
warm, concentrated hydrochloric acid, a streun of carbon 
dioxide passing continually through the apparatus The 
vessel in which solution takes place is made entirely of glass 
and is connected with two guard lubes, one containing 
water, the other caustic sodi solution, these serve to absorb 

u Treadwell and Hall Quantitative Analyiu, p 484 

* J B Sanderene 8oe Aba , 1802, 770 

U H N Stokca Bull US tool Survey No 188, 1001 
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the excess of sulphur dioxide and hydrochloric acid, to trap 
the small amount of sulphur which passes over and to 
preserve the non solution from oxidation by excluding air 
After the iron is dissolved, connection is made with the 
sulphur dioxide syphon and the gas bubbled through for the 
requiri <1 time, the vessel being heated bv *1 small flame The 
sulphur dioxide is eve ituully displued by carbon dioxide, 
the apparatus cooled in a cunent of the sime gns, the iron 
determined bv standard diehromate solution, and the 
sulphur, if necessary bv filtrution and direct weighing 

The experimental study of the reaction has disolosed some 
interesting features, a summary of which will now be given 

Hate of Oxidation —Comparative experiments with solu¬ 
tions containing one gram of iron m 60 c c of acid, the 
treatment with sulphur dioxide lasting from 1 to 7 hours, 
show that the maximum yield of ferric iron is only about 
b per cent of the totul non present, this value is reached 
after 3 hours and oxidation is moie than half accomplished 
during the first hour 

Limit of Oxidation —The average yield of feme iron in 
all the experiments is 7 per cent ot the total iron present, 
the extremes being 4 and 11 b per cent The yield is the 
same, other conditions being equal, whether the reaction 
occurs m hot solution throughout, or the saturation of the 
ferrous solution with sulphur dioxide is performed m the 
cold and the excess of the gas quit Uv boiled off, aftei keep¬ 
ing a day or two, in a current of carbon dioxide It is 
slightly increased (to the extent of one per cent) by 
additional saturation of the liquor wtth hydrochloric acid 
gas Increase in the total concentration ot the iron lessens 
the lelative yield of feme salt, thus m three experiments, 
carried out under similai conditions, with solutions con¬ 
taining 0 99, 6 46 and 33 68 grams of iron pel 300 c c , the 
yields (Fe'" Fe) were respectively, b 4b, b 23 and 3 31 per 
cent Initial ieaction, as indicated by the appearance of 
opalescence, occurs mote speedily in concentrated than m 
dilute solutions 
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Quantitative Aspect of the Reaction —There are two 
powuble reaction#, corresponding (a) to direct leduction ot 
the Milphur dioxide to sulphur and (6) to initial reduction 
to hydrogen sulphide, followed by decomposition ot this gas 
with sulphur dioxide as, however, both reactions are 
repiesented by the same equation — 

SO a + 4 HC1 + 4 1 eCl 3 - 4 FeCl a + 2 H a O + S 


it is evident that the quantitative lelations, e\cn it 
susceptible ot accurate determination, would not enable one 
to decide between the two leactions In point of fact how- 
tvei, the limit of oxidation of the fenous salt is so eoon 
leached, and hence the amount ot sulphui produced is bo 
small, relatively to the volume of solution that its accurate 
estimition is attended with coiiNidei ible difhculfy Con¬ 


sidering this drawback, the icsults show a veiy fait agice¬ 


ment with the calculated \alues, as may be seen fiom the 


following examples 

OoneantnUon irf temms 

lohUlop 

Feme iron produced 
Sulphur, found 
8ulphur, calculated 


l 

B 80S gram* of Iron 
per 100 0 ( 

0 683 grama 
0 062 „ 

0 098 „ 


I 3 

4 45 pnmt of iron 6 450 gnuna of iron 

per 2000 O ptrSOOOC 

0 392 grams 0 340 grama 

0 040 „ 0 036 „ 

0 Oofl „ 0 048 „ 


The conclusion to be drawn from these results, and from 
general observations on the reactions, is that the oxidation 
of ferrous chloride by sulphur dioxide is repiesented by 
reaction (n) ubove, it is possible, also, that the course of 
ieaction (b) is followed to «t veiy slight extent 

Inhibition of Oxidation by Ferric Chloride —One unex¬ 
pected feature of these oxidation-results is the limited yield 
of ferric salt, no matter how long the sulphur dioxide be 
present with the ferrous chloride under the known conditions 
of reaction, there is never more than a relatively small 
amount of ferrous salt oxidised In the numerous experi¬ 
ments we have made on this subject, the concentration of the 
ferrous iron has varied from 0 6 to 10 0 grains per 100 o o , 
while that of the feme iron, after reaction, has not exceeded 
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0 6 gram per 100 c c , lmt has been as low as 003 gram per 
100 o c 1 lie fuctoi of thief influence in limiting the oxida¬ 
tion is eudentlj not the concentiation of ierru iron but the 
r itio of feme to totil iron (1 e n Fe) which as stated above, 
is usually ibout 6 per cent , but m i\ use to about twice this 
uilue under conditions not \et fu11> understood These facts 
suggest that the o\id ition of the ferrous salt is inhibited by 
the ferric silt formed in the reaction and this inference is 
confirmed in a striking manner bv experiments with mixed 
ferrous and feme salts An example may be quoted m 
illustration 

Two solutions A and B weie made up with the following 
concentiations — 

A B 

Fe pet 100 C C l 70S grams 1 786 grams 

Fe , f 0 208 „ 0 202 „ 

Ratio, Fe Fe IS 56 , 14 40 per cent 

00 c c of each solution were wanned to about 00° C and 
treated with sulphui dioxide for lour houis In solution A, 
a veiy small amount of sulphur was deposited and subsequent 
analysis showed th it only 4 mgms of non h id been oxidised, 
solution B remained quite deal, no tiace of sulphui was 
observed and anaHsis pioved that oxid ition hid not taken 
place at ill It is thus c leai that the oxidation of the ferrous 
salt by sulphui dioxide is inhibited when the ratio Fe"' Fe 
exceeds 14 pei cent This piculi uitj of the mixed salts has 
been continued by several expenments, though the limiting 
concentiation for inhibition, like the m iximum jnld ot 
ferric salt on oxidation, seems to depend to some extent on 
conditions (temptlatuie, etc ) and will need fuithei investi¬ 
gation As m the oxidation-reactions, sulphuric acid could 
not be detected in the solutions thuH treated 

It may be noted that this is not a case of a balanced 
reaction deteimined by the equal velocities of two leieisible 
piocesses, but is rather one of double inhibition, as it may be 
termed, both the oxidising and leduung pioperties of the 
sulphur dioxide, with respect to ferrous and ferric salts, 
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being in abeyance, the former by reason of the ferric chloride 
present, the latter because of the high acid-content of the 
solutions. The matter is still more complicated if the state 
of inhibition is reached from the pure ferrous wilt, for then 
sulphur is present and its oxidution by feme chloiide is also 
inhibited by the acid; a similar remark would also apply to 
nny hydrogen sulphide which might be formed in the 
reaction. 

General Remarks on the Behaviour of Sulphur Dioxide 
as an Oxidising Agent. 

The outstanding characteristics of sulphur dioxide as an 
oxidising agent, in the above examples, are the slowness with 
which it reac ts and the dependence of the reaction upon the 
presence of a considerable amount of hydrochloric acid. 
Such features me met with in other cases, notably in tbe 
reaction with the tnercaptans; here, the similarity in be¬ 
haviour of sulphur dioxide and hydrochloric ucid to thionyl 
chloride is striking, as is illustrated by the following, 
quantitative reactions: — 

SOCl a + 4 R.SH = R a S a + R a S a + H a O + 2 HOI. 17 
SO a ( + HC1) + 4 11 .SH- R a K a + R a S 3 + 2 H a O (+ HP1) 

These facts lead one to think that thionyl chloride may be 
formed by the reaction of sulphur dioxide and hydrochloric 
acid and, thus, that the oxidising properties of sulphur 
dioxide are exercised through the medium of thionyl 
chloride, initially produced. On this view, the usual reaction 
of decomposition of thionyl chloride by water would be 
reversible: 

SOCl a + H a () * SO fl + 2 HC1. 

Though this reversibility has not been proved, there are 
analogical, and other, grounds for regarding it as possible. 

w R. Holmberg. Anna/e*, 1007, ooolix., 81. 

u J. A. Smythe sad A. Forster. 8oc, t 1910, xcviL, 1105. 
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Thus the sulphoxules and the haloid acids yield by revere 
llle lent tion the dih tildes it the corresponding organic 
sulphides and water e j 

CH B SO#( H 4 CH, + 2HBr< >CH,SBi,( H 4 CH, + H a O l9 
(CH a Ph) a SO + i HBr «.-» (CH a Ph), SBr a + H a O *> 

1 lie only evidence of a positive n lture we ire ncqu unted 
with is the pioof that whtn tluonyl c 1 londe reacts with 
men ipt ms at low tempt ratures (0° to — 70°t ) hydrochloric 
acid ind sulphur hoxi le m evolved ind wntci is found 
among the residu il pioduc ts 31 Now as the sulphur dioxide 
and pirt of the hvdiochlom icul ire formed by second lry 
action of tlnotij 1 chloride on water mitiallv pioduced in the 
leiction (see first and third equations ibo\e) one may infer 
that ill four compounds are cnpible of coexistence undei the 
conditions of the expenment 

lhe suggestion that sulphur dioxide and hjdioohlonr 
acid may re ict to form tluonyl < hloride and that the (Xidising 
properties of the sulphur dioxide in the < ises dealt with 
above are dnectly due to the presence of this compound 
would lccount foi the favourable influence of the acid on the 
course of the oxidation for by the law of mass action, the 
equilibrium would be more affected by mcieise in the con 
centration of the hydiot hlonc arid than bv that of aqy 
other constituent 1 rom the extreme slowness of reaction it 
would tppenr tint the concentration of the tluonyl chloride 
ran onlv he very small under the experimental conditions 
It is hoped th it experiments at present in progress may 
throw some light on these matters 

finally attention may be drawn to one peculiarity of 
these oxidising ind reducing reactions of sulphur dioxide 
vis that they are not reversible for in those of the former 
class the sulphur dioxide is reduced to sulphur or hydrogen 

“ Th Ziaoke and W Frohntberg Btr 1910 zliu 897 

* B Fromm and 0 Raunu Annaltn 1910, coclxxiv 90 J Fromm 
AtmmUn 1919 ooaxom 70 

* H 8 Tasker and H 0 Jones Sot 1909 xevi , 1010 
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sulphide, while in thowe of the latter class, oxidation to sul¬ 
phuric acid takes place, and the conversion of these sulphur 
compounds into one another is not realisable under the condi¬ 
tions of experiment. Hence it happens that, in some cases, 
both oxidising and reducing reactions are exothermal, as in 
the well known example with iodine and hydriodic acid: 

SO, aq + 2 H,0 flfsSHIaq + H, S0 4 aq + 36* ** 7 cals. 

SO, + 0 HI « 3 I, + 8H, + 2 H t O + 1111 cala. 

The exothermal character of these reactions has been 
adduced to * explain * them in accordance with the principle 
of maximum work. 22 The calculations for the reactions of 
the ferrous and ferric salts with sulphur dioxide show both of 
these to be exothermal too, but, whereas the reduction of 
mercuric chloride with sulphur dioxide is an exothermal pro¬ 
cess, the oxidation of mercurous chloride by the same agency 
is a strongly endothermal one, 25 6 calories being absorbed. 

It may be urged that the calculations are baaed on thermal 
values determined for dilute, aqueous solutions and that the 
presence of the acid might therefore be a disturbing factor, 
but it seems unlikely that the deficit would he made good, 
even if allowance could be made for this. 

lienee, it is questionable whether Berthelot's principle 
gives any insight into these reactions, &nd whether, in their 
causal interpretation, we can advance much beyond the posi¬ 
tion taken up by Bunsen. They take place, to quote the 
words of Bunsen when referring to the reactions with iodine 
and hydriodic acid, 41 weil der Wert der Grossen, welche ich 
Verwandschaftacoefficienten genannt habc, je nach den 
Umst&nden ein verdnderlicher ist.” 33 


* See, for example, Haas Jahn, “Die Grnndfl&tn der Tbermoohimle,” 
3rd Kd., 1892, p. 137. 

** AmwUm, 1653, IxxxrL, 261. 
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The Rate of L iberation of Hydrocyanic Acid 
from Commercial Kinds of Linseed. 

By R. H. Collisb, M.fic,, and H. 

When linseed is crushed and moistened, hydrocyanic acid 
is slowly formed by the action of an enzyme on a eyano- 
genetic glucoside. The amount of hydrocyanic acid and the 
rate at which it is given off, both depend on ft vuriety of con¬ 
ditions Roth amount and rate have a bearing on the safety 
of linseed as a cattle food * 

The object of the present communication is to show some 
of the variations in the amount and late of evolution of 
hydrocyanic acid due to variations in the place of origin of 
the seed. Under the Essex County Council tlieie have been 
curried out several experiments to test the practical value of 
linseeds of different origin. Owing to the kindness of Mr. 
E. M. Taylor, the chemiNt to the Eust Anglian Institute of 
Agiiculture, we have been able to determine the amounts of 
hydrocyanic acid in man> ot the seeds giown under experi¬ 
mental conditions. These linseeds yielded in Essex from 10 
to 18 cwt. seed per acre, and 10 to 34 cwt. straw per acre. 
The seeds contained from 30 to 39 per cent, oil and 20 to 2*3 
per cent, albuminoids. 

The accompanying table gives the numes of the districts 
from which the seed originated. In all cases the seed was 
sown and reaped in Essex, und the seeds actually tested were 
the first year’s home-grown seed from crops grown with 
foreign seed. The column showing the total amount of 
hydrocyanic acid gives the amounts liberated under the con¬ 
ditions described in vol. iv., p. 99, during a period of 5 hours 
at 450 C. 

* See “The Rate of Evolution of Hydrocyanic Acid from Linseed under 
Digestive Conditions." Unit*, I>xr. Phil, 80 c., vol. iv. p. 90, and “The Rate 
of Liberation of Hydrocyanic Acid from Linseed,* 1 Analyst, 1914, p. 70. 
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The column shoeing the late of libeiation gives the num- 
bei of minutes necessary to liberate one half of the total 
amount of h>(hm>ani( Kid 1 he figuies in this column 
vhi> mverselv with the en/ymic activity The en/ymic 
activity may \aiy with the amount of en/yme present, but 
other causes will also act 

The criterion of safety for rattle feeding will be—a small 
figure in the first column and a large figure in the second 
column 


Tabu I Fzasr Fsolish Cmor from Fomioit Siid 



Origin of Setd 

Hjdfgjjsni 

Putapfrl 000 
088 

Mtnnftaat 
st Ireowilu 

9 

Memel, North Rossi* 

1 til mi oar 

70 

10 

Reval, M 

197 

60 

16 

labia „ 

m 

28 

19 

W ind*u 

176 

36 

6 

Stepps, Rossi* 

160 

36 

I 

M*noapel, South Rossi* 

170 

36 

ft 

Theodou*, „ 

123 

76 

H 

Bsrdl*n*k „ 

106 

90 

14 

Nioholwff, „ 

106 

90 

16 

K*ap*ton*, „ 

173 

36 

20 

Ghemtehesk, „ 

176 

36 

1 

Ko#mgst*rg, G*rm*ny 

213 

65 

7 

Kattendji Roum*oi* 

1S3 

46 

18 

Brail*, „ 

116 

66 

S 

Tarksy 

106 

75 

9 

Moroooo 

112 

60 

0 

Bombay 

210 

36 

S 

Calcutta 

233 

40 

)2 

J*p*n 

270 

66 


A wage 

1«4 

66 


A study of Table 1 shows that there is gieat variation m 
both amount and rate The seeds of Oriental origin, Cal¬ 
cutta, Bombay and Tapan are all high in total hydrocyanic 
acid and rich in enzymic activity On the other hand, the 
seed derived from Morocco is low both in hydrocyanic acid 
and low in enzymic activity These results are exactly in 
agreement with those obtained in former years by testing 
seed direct from foreign countries, and may therefore be 
regarded as permanent characteristics of the districts con¬ 
cerned 


16 
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1 ible 2 given the lesults obtained from Heed grown in 
foieign pi ices as stated, togethei with some samples of seed 
glown in tile College gulden which had been giown theie 
foi man} >eais but h id ougin illy comefiom India These 
lesults up still fiutlui computed in 1 iblc i which shows 

Tablf II Linsffd from various Sources 


L ality 

Hyifroejra lo 

Min itea to 
erolva one half 

Porta pti 1 OCO 

total amotn t 

College garden, minimum 

120 

45 

,, maximum 

170 

00 

Iruh 

275 

83 

Riga 

225 

65 

Morocco 

151 

55 

Bomba) minimum 

260 

45 

, maximum 

300 

62 

Calcutta minimum 

250 

46 

,, maximum 

380 

A0 

Platt 

175 

70 

Average 

231 

61 

Table III — Fffeot ot Home 

OrOWTII OH bOREloH 

LiINSFAD 

Locality 

Hydrocyanic 

Mlnntea to 
avoir* one half 

Parte per 1000 

total amount 

Bombay, foreign grown 

280 

54 

„ once home giown 

210 

35 

Calcutta, foreign giown 

315 

48 

onoe home grown 

2*3 

40 

Morooco foreign grown 

111 

55 

,, once home grown 

112 

60 

Riga, foreign groan 

225 

65 

„ twice home grown 

163 

35 

the lesults ot glowing toieign 

seed in England 

It w ill be 


seen th it the geneial lesult ot glowing linseed m England is 
to nduce the tot il unount of h\dioc>anic acid and to in¬ 
crease the u tiwly ot the en/>me IhoHe lesults aie in con- 
foimitv with some pievious lesults obtained by glowing 
linseed in pots in the gietnhouse, some being giown with the 
minimum and some with the maximum amount of water that 
w is rompitible with i fin crop Tn these eases the 
linseed grown with the minimum amount of water eon- 
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tained more hydrocyanic arid and showed a slower rale 
of evolution than did (he linseed {frown with the maximum 
amount of water. Similaily, linseed {{town in the garden 
in the dry hummer ot 1911 showed more hydrocyanic acid 
a slower rate than did the linseed grown in the wet summer 
of 1910. 

By collecting all the infoimotion under this head nnd 
arranging as far ns possible a contrast between those linseed 
grown under conditions of drought and heat with those 
grown under conditions of damp and cold, the following 
results are obtained. 

The average result of changing seed from dry nnd hot 
conditions to damp nnd cool conditions is to depross the 
hydrocyanic acid evolved by 20 + 9 per cent, nnd to reduce 
the half time rate by 24±5 per cent. 

There is no doubt that these commercial varieties of 
linseed are mixed and genetically impure. I am, however, 
in hope that 1 may he able to obtain some genetically pure 
seed nnd continue these investigations. Meanwhile it 
would seem that English giown seed is safer than foreign 
grown seed for the purposes of cattle food, hut that before 
further experiments on the growth of linseed are car¬ 
ried out in England, it would be well to see that the seed 
selected for such experiment was of a variety likely to give a 
linseed low both in cyunogcnetic glucosides and enzymes. 
There is not much correlation between jield of seed per acre 
and cyanogen content, but on the whole there is a tendency 
for the seeds having an origin iu temperate climates to give 
the best yield per acre and to contain the least proportions of 
cyanogenetic glucosides. 
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Ox the S keletal Stru cture o f Ba lmsqptkra 
Rostrata, Fauhicius. 

By Thos Bkntham, B Sc 
[Read May 28th, 1014.] 

I 11 August, lUlfl, u whale oi the ^ecies Bnlffinoptern 
rostrata, Fabricius was washed ashore near the old rifle- 
runge at St. Mary’s Isluud. It had been seen floating three 
weeks before off Coquet Island by the crew of the 14 Evadne.” 
It was then in an advanced state of decomposition. I never 
hud an opportunity of seeing the uuiwal in the flesh, and this 
would probably have served no useful purpose, as the flippers 
which were obtained in the flesh were uniformly yellowish- 
grey in colour due to decomposition, and neither showed any 
trace of the white-band characteristic of this species. A 
service bullet was found in the left flipper between the third 
and fourth phalanges. The right mandibular ramus was 
missing, 1 as also the two tympanic bones, the fourth right 
rib, the pelvic bones and the baleen. The last had prob¬ 
ably been removed at some whaling-factory at nil earlier date 
and the body had then been cut adiift ns commercially 
useless. The animal was purchased by a fish-salesman at 
Blyth and the flesh and blubber were utilised as manure. 
The skleleton was obtained by the Zoological Department 
of Aunstrong College and was found to be of an individual 
about 2(> feet in length. The sex of this animal was not 
ascertained, but it was very probably a female. 

Previous records of this whale have been very few on the 
Northumberland const. 

In Mennell’s paper on the Mammuliu of Northumberland 
but two records are cited. 

1 There is a probability that this ramus will be received. We have 

" ’ * d locally 
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One ( iktuon the Doggei Bulk 17 feet long mil letoidtd 
h> Hunter 

One t (hawing of wluc li is gnen with the dun ictenstic 
white pitch on the flipper tluowu up neu Craster bth 
1 ehitiuiy 1858 lb feet in length 

(hie descnhedby Meek Itepoit of the Northumberland 
Se i h ishc i les Committee 1 ( MW 

In m\ opinion theie is i doul t ihouf this specimen being 
It ihniopter i xostnti It ippioxim ites moie to i young 
species nt It boieilis except in the coionoul pi mess ot the 
in lmlibulni r mills whuh is <{uite thin italics in height i 
< h iru tenstic of B rcstiiti lheie ne howcvci i n umbel 
ot caudal xeitcbic piesei^ed ind these ill in pieieed by 
toiamum thiou^h then ti uis\eise processes uid then centia 
ire much shoitei inteio posteriorly tlian those of the Npeoi 
men under tonsidemturn Iliev weie much moie cuboid 
w i tli their ingles u uncled oft ind the bone though it hid 
been much exposed whs net ot the < haiactenstic whiteness 
shown m specimens ot B lostriti the muulibului i imus 
w is also much mrrower liom side to side tli m in the present 
specimen although the toronoid prmess is ibove mentioned 
w is typical oi the species 

lroin what I can isctitiin all the clmiacteis of this 
specimen agree with those ot a sin ill specimen of B hoieahs 
except in the chiracter ot the lower j iws Miuv system itists 
would place this while is m entirely new species oi at my 
rite as a sub species 

Lastly in Noaembei an anterioi lumbosacnl \eitebr« 
was brought m to the l)o\e Maine I iboritoiv from one of 
the triwlers It was undoubtedly the \ertebm ot a small 
whale of this species uud was unmistikeahle owing to the 
whiteness of the hone In compaiison with the specimen 
in our possession this auini il would h i\e me isured ihoui 16 
teet in length 

In the course ot irtnulition this while ippeaied to 
present certain peculiarities ot stiuctuie not noticed by 
previous authors It wis thereloie considered woitli while 
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to wnte a shoit paper sliowmg the skeletal stiurtuie as com¬ 
pletely as possible, to point out details m which this wliale 
difteml from those desciibed by other uuthois 'luinei’s 
description is tint ol a whale veiv much the same si/e as 
tins spec mien as ilso that ot Lilljchozg Otliei authors have 
dt sc 11 bed specimens winch weie decidedly lmm.ituie 
r lumei does not destnhe Ins spec linen in \eiy gioat detail 
noi does lalljehmg (’ate and Mac ilistei give a veiy full 
desc upturn ot an imm.iture specimen 

Amii Skhmon 

l hi S/ till (see Plate II Tigs A mil II) —The skull was 
loughlv tnaiigulaz in shape the tnangle being isosceles with 
basal ingles ot 75° 

L lie loot of the < ilvai nun was he at shaped w ith a c omex 
In so and consisted wholly ot the occipital elements, con¬ 
stituting the laigest bone in the skull 

r l he ipex ot the heiit-sliaped supia-occipital aitnulated 
with the frontal which was intercepted between the foimer 
and the maxillcr as a men* c ompiessed rulge The surface oi 
tlie occipital was laised into a jounded eminence—the 
occipital ciest—ubo\c the opening ot the foiatueii magnum 
and theie weie thiee large shallow depressions airangod— 
one ne ir the apex ol the occipital—the othei two one on each 
side and in tiont of the occipital c middles 

the exoccipitils were closely fused with the supia- 
occ ipital and lemams ot sutuies weie only found as two 
note lies King about time inches to the side and below the 
condv le'i on the limiting edge of these two bones 

I In on ipital tan(hfle\ were two kidney-sinped convex 
elements closely fused along their lowei aspect and enclosing 
between themselves and the supia-ou ipital an megulirlv 
oval foiamen magnum winch pointed somewhat upwmds, 
its slioitest width being in i line with the long axis ot the 
skull It ineuNmed 3 liu lies by 2 j inches 

7 he ha\i-ocupital extended forwaid along the base ot the 
skull and articulated with the basi-sphenoid, its lower 
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portion being extended outlaid? and tuiwards into two 
wing-like piocesses which lay close to the lower bolder ot 
the tympanies Its upper pointed poition was inteiposed 
between tlie two lower paits ot the pterygoids winch over¬ 
lapped it Tlieie was a well-m liked sub us extending a< loss 
these wing-like pi oc esses and also sepal at mg them into two 
elements at then outei ends 

Tfu Squamosal was large, long, ioughl> tuaugulai on 
its urnlei suiface with a large sliallow concavity toi tlie 
leceptiou ot the attic ulai picw esses ot the mandibuhu lamus 
Its upper angle was tiumated and aituulated some dist nut 
fiom the end by a caihlagmous pad with the descending 
process ot the hontal Its inner nigh w is produced into a 
hainmei-shaped process—the squamous {date the uppei end 
ot which fitted into a c oiiesponcling notch m the panetal, 
the lowei end hemg attac lied to the basi-sphenoid Intenoilv 
this piocess w is pieic ed !>\ tlie opening of the host uhian 
tube 1 lie lowei external ingle ot this hone foimed tlie 
postenoi lateral limit ot the skull Ihe in tenor end aiticu- 
hted b\ tlnu intenemng caitilige with the lower holder of 
the hontal, while the postenoi was u uteh pointed and 
burned the postenoi limit ot the skull on either side Two 
gioo\es were present at the junction ot tins hone with the 
uiditoiv poition of the skull r lhey tan backwards and out- 
w uds, the uppei groove c irt\mg in elongited tenon-like 
piocess ot the peiiotic On its uppei suiface the squamosal 
title ul ited with the posterior edge ot tlie supia-oei lpital 

riu Ft on to l was large, solid and occupied piactuall> 
the whole ot the floor ot the temporal fossa This hone was 
mu( h tonipiessed behind the in ixillo? by two wedges formed 
b\ the p metals one on each side, and by the antenoi portion 
ot the supra-ocupital It was c oiitmued up between the lower 
pi cm esses of the maxilla* as a nanow wedge whu h articulated 
with the n isals Towards the sides it eni losed the descending 
pi cm esKes ot tlie m ixilla* and appealed only as a nanow strip 
half-way along the distance to its anterior point As far a& 
this point it was overlapped by the parietal In the temporal 
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legion ot the skull it was concave in contoui but here it was 
o\eilipped by the p met il so thut thin bone completely 
fitted into it Ihe mam poition of the bone formed the wall 
ot tilt tempoial tossa and was quudmngul ir, flat on its upper 
surface and exceedingly thick and massive At its lowei 
outei angle it urtuulated with the spuamosal by intervening 
c irfilago Its innei anti not angle was leftected hackwaids 
to ioim > .flit trnngul 11 plate foi the aiticuhition of the 
innei lowei boidei ot the nnxilli Ihe untenoi bordei of 
this lumc was n mow and lidgt-hke and htted into the uppei 
gioovts fonued b\ the lowei suit ice ot the muxilhn Ihe 
innei edge was limited by the ovtilapping panetul and the 
outei edge was bioud and exploded at its postcuoi coiner 
toi aitic ulation with the squamosal at its uppei for aitu illa¬ 
tion with the rygomatic piooess ot the maxillu Ihe internal 
exposed suiface was somewhat tuangul u and was iuilushed 
with a laige spout shtptd gioove wliuli was teuiunated in 
the ioiamen tot the optic nene llus toi mien w is foimcd 
hy the apposition of two ridges entlosing t gioove, the lowei 
lidge overlapping the uppei so that the me itus had the 
appe nance of a piece of papei coiled to toim a conical bag 

The Parutal was u luige concave bont occupying the 
most of the loot of the temporal fossa Behind the apex 
ot the supra occipital it was compressed as two trmngulai 
wedges ot bone which dul not meet in the middle line 
Internally untl supenoily it almost completely ovci Lipped 
the flout il and articulated behind with the antenoi edge of 
the alisphenoid on the one hand vnd the squamous plate on 
the othei Behind the hee edge of the squamous plate a 
tuangular slip of bone ran down between the formei and 
the edge of the occipital 

7 he Palatine was quadrilateral in shape, its inner edge 
stiaight and but slightly concave and lying close to the 
median rulge of the vomei Its uppei edge was incurved 
tow aids the median line but convex and continued into the 
oui ve ot the outei edge Its < oiuave upper suiface presented 
u dee]i groove which fitted ovei the lower median end of the 
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maxilla. Its lower lateral edge was pioducad forwuid into 
n hook-shaped process and was itself founded iu contour. 

On the lower anterior inner surface u raised irregular 
area was present which consisted of a number oi compressed 
lamina which interdigitated with similar lumime on the 
under surface of the alisphenoid. 

From the outer upper corner u well-marked ridge 
extended diagonally across the bone to the region where the 
two palatines became sharply separated enclosing a tri¬ 
angular space below. 

The MajrdUr were large cultriform bones und constituted 
the major portion of the anterior part of the skull. They 
presented four surfaces und were in shupe elongated, tri¬ 
angular, hollow, pyramids, one, the lower side of which had 
been removed The uasal surfaces of these bones were both 
closely approximated to the vomer and almost met in the 
middle line, exposing but a small strip of the latter on the 
under surface. Their upper posterior edges were turned 
over so us to overlap the edges of the vomer. On the upper 
edge of the angle formed by the nasal and facial surfaces 
there was a distinct groove extending half way along this 
bone from behind forwards. This groove served as a Hlot 
for the reception of a ridge on the upper inner surface of the 
premaxilla. 

The facial surface was in shupe a scalene triangle, its 
inner edge being the longest and its outer the next longest 
side. It was slightly convex in contour, its shorter posterior 
edge being produced into a long somewhat hook-shaped 
zygomatic spine, extending slightly beyond the outer 
margin of the frontals. Its longest or inner edge was con¬ 
tinued down as far us the frontals and formed one side of au 
oblong nasal process lying between the nasals, frontals, and 
supra-ocoipital. On this surface the bone whs pierced by 
five groove-like foramina on the left side and seven on the 
right. The infraorbital foramen was about three-quarters 
of an inch in diameter and was situated about five inches in 
front of the commencement of the nasal process. The 
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infenur pul itme suitace was much hollowed out foi the 
itceptiou ot the. baleen and constituted the gieiter poition 
ot the pilite It wis excivited b\ i lirge number of 
giooves ending in foianmm for the blood vessels to the 
bileen plites The temporo frontal suifaee or bise of the 
pyrunid wis tuingulu in outline ind c united it its hindei 
edge into a nunibei oi angularly shiped lobes which 
decieised in si/e low nds the mtdim lint ibis suif ice was 
closely uppiOMinnWd to the infenoi suifue of the fiontil 
but ovtilapped this bone with its uppei edge 

7 Ju Premauflar projected slightly beyond the maxillse 
lhcir interim hlives wcie tunngulu in section the uppei 
side being miirkedly couiex then mnti and outei com ne 
In consequence ot this tluee sh up lnnei outei mftiioi edgoH 
wen shewn flu outei ot which htted into the giooves cf the 
mi\illi the infenoi with i spice between the \cmei ml 
Ihe in i\ill * Vutcnoilv this bone t ipered to i somiwlni 
blunt point ind postenoilv bee unt 11101 e ft lit cited and 
twisted on its own ixis so tbit the uucr udgi which hid 
formeil> looked dimlly mw ads now looked mw ads and 
downw nds becoming a nun ndge winch ovcilipjed the 
literal wall ot the vomei 

rfo l mu w is 1 lc ng spout shaped bone tnpeiing 
tow mis its anteiior extiemity Supenoily it w is deepl\ 
channelled this channel being widest at its posterioi thml 
the w ills being higher ind nnst wulelv chvincited in tins 
legion Infenoily and it its postenoi end it w is ridged 
but bee ime less so uit noil> lhlow it w is exposed between 
the nn\illce forming put ot the pihte Postentrlj the 
chiunel bccimc nmow md ucommodited the ethmoid 
ippai itus The bisal end of this bone was inteiposed 

between the front il antenoily and the upper pteiygoid 
portion of the uhsphenoid literally 

The Nt 1//1 were smill Milid benk shaped bones ind 
wereclopch ippioxinnted 111 then middle line the ipposmg 
suifuees bung uniformly flat with the exception of a small 
process projec ting f 1 om their antei lor lower edges Posterior 



ly they toured to u somewhat truncated point with n 
Y-shaped notch on it. The unteiior surfaces weic smooth, 
curved forward, and convex, the posterior being broken up 
into a number of deep lamina' which fitted into the grooves 
fanned by the lamina’ of the frontal boue. The inferior 
suifaces were quadrangular m outline and formed part of 
the roof ot the nasal chamber. Their outer nurtures lay 
alongside the flattened ends ot the piemaxilhc. 

The irintj of the .sphenoid was an irregular bone partly 
enclosing the tympanic. Tta upper end articulated with the 
inner corner of the frontal at the point where the optic 
groove began to be completely closed into u foramen. The 
lower end sent back a square plate of bone almost ut right 
angles to the main body. This articulated squarely with the 
end of the squamous plate und with the inner corner of the 
fiontal. The upper surface was deeply laminated for the 
reception ot the palatine. The inner suifnee of this bone 
was continued into a pterygoid process, a square bone which 
articulated inside with the lower cud of the vomer by a 
number of liookdike projections forming u rough suture. 
On the outer surface the bone was tree forming a somewhat 
convex plate for the reception of the inner side of the 
tympanic. 

The two pterygoid processes did not, as Carte and Muca- 
lister state, unite below to form a harnular process. The 
body of sphenoid is not described, because it was not suffici¬ 
ently exposed. 

The Ethmoid lionet consisted at their anterior end of a 
flat plate which wus attached to the frontal. Along its 
middle line were two elevated ridges -the moieties of each 
bout—which enclosed a deep channel leading down into the 
nasal cavity. At the base of each ridge was a deep foni- 
men for the nasul nerve, formed by an upeurved process 
of the square plate which was attached to the vomer. 

The ifandibulor Rnmn* extended some few inches 
beyond the ends of the premaxillte. On its inner surfuce it 
wus flattened and slightly concave und on its outer was 
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shaiply rounded On the hitter suiiace it was giooved by 
a number oi channelled foramina The toionoul process 
a as much elevated and wus tour inches in length—a char¬ 
acteristic of the species 

The Hyoid consisted ot a body closely fused to which 
were two posterior cornua 111 lei at theu fusion to the body 
than at then ends Ilu uutenoi notch wusseiy deep, measur¬ 
ing one and a halt inches Its two sides, foimeil by styliioim 
processes weie unequ il the left being distinctly longer than 
the right Carte and Macalistei hguie this depression as 
quite shallow Ihe stylo hyals weie aiticulated by inter¬ 
vening caitilage just behind the two plot esses tonuing the 
notch and in this legion the bone was deeply pitted for the 
leception oi the connecting caitilige lliey weie solid, 
slightly cuived bones having on then anterior distal edge 
a distinct flattened ndge winch made this pait oi the element 
bioadei than the proximal end Both ends of (his bone were 
epiphysial in character 

The hist three ceivnal seitcbi«e woe completely iused 
by their centiu, the third being also fused by its tiansverse 
piotesses Although fused the epiphysial plates were all 
quite distinct Theie is only one case of the fusion of the 
hist three cervicals and this has been quoted by Flower 
The commonest occuirence is to hate all tluee veitebr® 
free, cf Carte and Macalistei and Lilliebotg but Tuniei 
quotes the fusion of the axis and the third 

7 he Atlai was a qundiangulai bony nng measuring in 
its giealeot length one foot one and a halt inches and in its 
greatest breadth eight inches It consisted in iront of two 
renifoim cups meeting at tlieir lowei extremities Those 
cups accommodated the occipital condyles and were divided 
ut the top and bottom by two tnangulai interstitial ossifica¬ 
tions The tiansverse processes were solid and formed with 
the neural arch three elements in the shape of equilateral 
tiiangU* separated by the renifoim fossa The neural aieh 
was pynform internally, the broader conformation being at 
the top of the arch below the spine, which last was low and 
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directed slightly backward*. The opening oi the channel 
for the sub-occipital urtery was completely ringed with bone, 
and pierced the base of the neural arch in a direction parallel 
to the line of the transverse processes, which were but 
slightly dimmed backwards. 

The Awn was the largest cervical vertebra having a 
breadth of one foot four inches and a total height of nine 
inches. The odontoid process did not completely fill the 
lower narrower portion of the neural canal of the atlas and 
in section it was roughly triangular. 

The pleurapophyses and diapopliyses were fused and 
sharply directed backwards, enclosing large oval foramina 
measuring two and a half by one and a half inches in 
breadth. The neural arches sloped distinctly forward and 
shewed anteriorly und ubout half way down their length 
two roughened tuberosities one on each side and situated 
asymmetrically, the left being the lower of the two. Owing 
to fusion further details of the structure of the axis could 
not he made out, hut the sygupophyses on the outside 
surface weie pointed and incompletely fused to the third 
cervical. 

The Third Cervical was a more slender and compressed 
bone than the axis, and measured in length one foot and in 
lneudth eight inches. The diupophyses and pnrapophyees 
were separate at their distal ends by a space of one and a half 
inches. They partly enclosed a much larger space than 
those of the axis. The zygapophyses were one inch in 
length and oval in outline. Contrary to the statement of 
Turner the neural canal was complete above and there was a 
small tuberosity present on the right neural arch. 

The Fourth Cervical was the smallest of the series and 
measured ten inches by six inches. It consisted chiefly 
of centrum; and the neural canal was incomplete above, 
the arches being distant from one another by a space of one 
eighth of an inch, and in consequence of this there was a 
complete absence of a neural spine. The diapophyees and 
pleurapophyses were separated by the distance of three inches. 
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1 hi t ifth ( ert teal win largei and mtasuied one foot one 
in(b along: its dinpophyses Ihe neui il uch w is complete 
but the spine w is ieduced to a mere udge 

Ihe S nth aid Sei nth ( enteah weie luger tlnn the 
fifth the seventh in its turn being largo than the sixth 
In the seventh the neuril spine w is longest nnd sliuplj 
]H>mted On the seventh omicil then was sc ucelv i tince 
rt paiajHiplivses these being repestnled b\ i minute nodule 
of bone about a quutei of an in* h long picketing tiom the 
lett h ind side of the lowc i put of the centrum Othei uithors 
st ite tl at this ludnuent is ilw i>s piescnt on the right h ind 
side of the veitebne Hie dn]>oph\ses of the seventh wen 
long and more shnipU ciu\ed dowuw uds and forwaicls thm 
those of the fourth ind sixth veitebic anil its jostenoi 
epiphysis w is loose uid not fused to tlie centrum Vcioss 
its diapophyses this veitebia measuied one foot one inch 
aud these pirn esses weit longei tlm the tnuisvtise piot esses 
of the first tostal veittbri 

Ihe fust five cervu ils had their dnpoph\ses dnected 
baikwanls but not so simply is tint erf the ixis On the 
sixth covictl tlie dnpophvses were sti light out Tin dn 
pophyses of the seventh uiunl wen longest ind weie 
strongly dnected tmw ud s th it the\ c ime m eont u t with 
the ends of the pu i pophyses of the fifth Ihe thud <md 
fourth ceivitals had then puapophvses dnected foiward 
while those of the fifth and sixth wen dnected hut slightly 
forward 

( itri 1 nttb/a Ihese veitebnc wen eleven in number 
Ihe ends of ill their trmsveise piot esses hid fleets for the 
utnuhtion of the libs On the first to sixth tjie trmsveise 
piocesses were dim ted foiwnds the first having i trans 
verse piocess with two heads Ihe pioc esses of the seventh 
were directed stimgbt out ind those of the eighth to the 
eleventh slightly bickwirds 

The T umbo S aerah —In flu first I umbo sacnl veitebrn 
the transverse processes were strlight out and the widest 
diameter of ihe neui il mml in this and the succeeding was 
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in a plane parallel to the transverse processes, which last 
pointed slightly forward in the second to the tenth. The 
piocesses of the eleventh and twelfth were again perpendic¬ 
ular to the axis. If twelve lumbo-sacrals be counted the 
conditions found in this skeleton do not agree with Lillje- 
horg’s description of his whale. In this specimen the ninth 
caudul vertebra is the last with a neural spine. Carte and 
Macnlister state that the seventh caudal vertebin is the last 
with a neural spine, while Lilljeborg says the eighth. 
Furthermore the latter author states that the first caudal is 
not lidgcd below. If twelve lunibo-sncrals he counted the 
first caudul is definitely ridged below, and to bring the 
description in line with that of Lilljeborg thirteen lumbo- 
sacrals must he counted and it must be taken for granted that 
the last caudal is missing. This may have been overlooked 
as being cartilaginous when the skeleton was prepared. 
Turner states that in his specimen there were thirteen 
lumbo-sacrals. On the nineteenth of thp lumbo-sacro-caudal 
series the lateral processes wwe nidimentarv, and there 
were slight indications ot these processes on the twentieth. 

Carte and ilacalistor however state that the lateral pro¬ 
cesses are entirely suppressed at the nineteenth which is 
their seventh caudal. They further mention the fuct that 
“the articular processes or xygapophyses of nil the lumbo- 
sacrals vertebra articulated with each othei while those of 
the caudals were free.” 

In the present specimen the Hygnpophyses articulated 
with the neural spine in front cm the first fourteen lumbo- 
sacro-caudal vertebra*. 

The foramina (^mentioned by the last tw f o authors) on the 
dorsal aspect of the sixteenth vertebra were absent at the 
origin of the transverse processes as also on the seventeenth. 
Foramina were present on the eighteenth and nineteenth 
lumbo-sacroraudals, the nineteenth being the last with a 
definite transverse process. The apertures iu the succeeding 
vertebra perforated the hides of the dorsal aspect of the 
centra. 
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Caudal Vertebrae. The ten terminal caudals had no 
neural canals, these being merely represented by two ridges, 
the remnants of the neural arches. The centra were uni- 
foimly cylindrical and in shape resembled the centra of the 
previous vertebra*. They could not be described as bony 
cubes (cf. Carte and Macalister). 

The Chevron Jlones, - These were seven in number, the 
second being the largest of the series They were V-shaped 
bones, the upper end of the V articulating with corres¬ 
ponding ridges on the caudals They each articulated 
between two successive bones, the first being between the 
second and third caudals. They were in the following order 
of size, viz., 2, 3, 4, 6, 6, 7, 1. Number four was stouter 
and broader than number three, which was only superior in 
length. 

The Hit jt. - (Plate I.).- The first pair were smallest in 
length, but widest at their distal extremities, having a dis¬ 
tinct process running backwards parallel to the inner edge 
of the rib, and commencing about four inches from that 
extremity. They did not articulate directly behind the 
lateral processes of the cross-shaped sternum but the upper 
nng 1 i of their extremities articulated about the middle, 
and gradually narrowed towards their distal and proximal 
extremities. They were nil much flattened on their inner, 
but were more or less convex on their outer aspects. 

The foiuth and fifth were the longest, and all bad a 
distinct capituluin and neck except the ninth, tenth, and 
eleventh. 

The Sternum .—(Plate I.).— This bone was represented by 
a single element corresponding to the pnesternum of other 
mammals. In shape it was like a latin cross, but the angles 
between the four moieties composing the cross were not 
sharply defined were denoted by simple curves. The 
posteriory and downward directed process was longest and 
represented the handle of the cross. 



Plate IV 
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AppExmctfL\a Skeleton. 

The Scapula. -The scapula was a large falcate bone 
broader thau long with a comparatively smooth outer surface, 
it h inner surface being marked by three short and flat ridges, 
which radiated from the neck just behind the coracoid 
proee&k Its vertebral edge was a slight curve and smooth 
about its middle portion, becoming more broken up and 
tubercular towards the limit ot the curve. Its anterior edge 
was flattened and faced the inner surface of the acromion. 
Two ridges were thus formed on each side of this flattened 
edge. The outer ridge denoted the remains of the scapular 
spine and was continuous with the posterior edge of the 
acromion. The inner, which limited the anterior edge 
of the scapula, was slightly incurved and was continued 
downwards and along the uppei edge of the i oracoid The 
lower edge was concave in contour, thicker towards the neck 
and sharply tapeiing towaids the posterior legion where it 
formed with the veitcbral edge tile falcate appeaiaiice uljove 
described. The acromion process was sharply turned 
upwards and formed an acute angle with the spine ot the 
scapula. It was somewhat incurved and thus concave on its 
inner aspect. The coiacoid was a smaller piocess and was 
turned in towards the vertebra? forming an obtuse angle with 
the transverse axis of the scapula. Its lower edge arose 
directly from the antei ior edge ot the glenoid cavity. 

The glenoid cavity was a shallow oval concavity, pitted, 
tuberculated, and lined with thick epiphysial encrusting 
cartilage. 

The Humerus .—The humerus was a stout, short, club- 
shaped bone the head of which was smooth, hemispherical, 
and covered with encrusting cartilage. The head itself was 
too large for the glenoid cavity of the scapula and conse¬ 
quently did not completely fit into that depression, the major 
anterior portion being quite free. The external tuberosity 
wae large and well marked. It lay anteriorly to the head 
and was separated from this by a distinct broad groove which 
was continued almost round the shaft below the head. It 

17 
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was coarsely pitted and tuberculated over its entire surface 
and its moat conspicuous projections were two in number, a 
large mastoid prominence extending inwards towards the 
ribs, and a small downward pointing process lying at its 
lower anterior border. The shaft was short and laterally 
compressed so tlmt it was oval in section. The surface was 
finely grooved on its inner aspect and pitted on its outer. 
The distal depression for the head of the radius was larger 
than that for the accommodation of the head of the ulna, 
its epiphyses being also much thicker and stouter. 

The Radtu* and Ulna .—The radius and ulna were sub¬ 
equal bones approximated only at their proximal and distal 
extremities, the radius being much stouter and projecting 
further into the carpal cartilage. The proximal ends of both 
these bones were furnished with flat plate-like epiphyses, 
which were more completely fused than those of the distal 
extremity of the humerus. Anteriorly and at its junction 
with the humerus the radius projected away from the line of 
the anterior uspect of the former, so that its articulating 
portion represented but five-eighths of the proximal surface 
of the hone. The ulna was a more slender bone, narrower 
below the olecranon process tliuu at if k distal end, where it 
w t us in breadth equal to the same end of the ulna. The upper 
articulation of this bone was partly carried out by the 
ascending anterior surfuce of the olecranon, which was broad 
and turned ueutely downwards at its junction with the shaft. 
The posterior bonier of the olecranon process was tuber¬ 
culated and pitted for the reception of a large triangular 
slip of cartilage. 

Ulnar and Radial Epiphyte *.—(see Plate IV., Figs. 1 and 
2).—At the bases of the ulna aud radius in a cup-shaped de¬ 
pression of these bones two epiphyses were found completely 
embedded in the cartilage. The larger of the two was that 
accompanying the radius. They were ovoid bones resembling 
large plum-stones in shape and were deeply pitted and tuber¬ 
culated over their entire surfaces, and resembled the surfaces 
of the carpalia which were embedded in the cartilage and 
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not exposed to the surface. In appearance they much 
resembled similar bones described by Flower in Physeter. 

The Carpu*. - -The bones of the carpus were five in 
number and corresponded in all probability to the Irapezio- 
scapkoid, the semilunar, and the cuneiform of the proximal 
row, and with the trupezo-maguum and the unciform of the 
distal row. 

All these bones weie, when the cartilage had been 
removed, cylindrical in shape with the exception of the 
trapezo-magnum. They were smooth on both their exposed 
surfaces, hut were deeply pitted and tuberculated on the 
borders surrounded by the cartilage. The measurements 
across the middle portion of the cylinder were invariably 
greater than the diameter ot the exposed surfaces with the 
exception of the case of the trapezo-magnum which was 
peg-top shaped, its outer surface being smooth, its inner 
being a smooth truncated point which was just visible on the 
inner or palmar side of the carpus. Of the five bones the 
semilunar was imperceptibly the largest and presented an 
equal pulnuu and outer aspect. Next in order of size were 
the cuneiform, the tiupc/io-scaphoid, the unciform und the 
trapezo-magnum. All, with the exception of semilunar and 
trapezo-mngnum presented a smaller surface on the outer 
than on the inner surface of the carpus. The outer and 
inner surfures of the trupezio-soaphoid were bevelled round 
to meet one another at the anterior edge of the carpus, so 
that the bone fitted the rounded contour of the cartilage at its 
front edge, aud did not project away from it. As in the toothed 
whales the surrounding cartilage exlubitod grooves sur¬ 
rounding each bone, so that it appeared to possess a distinct 
pentagonal area of cartilage to itself. The greatest amount 
of cartilage was present between the ulna and radius and the 
proximal row of enrpaK but a tongue-shaped portion of 
cartilage could be traced upwards and backwards from the 
top of the insertion of the fourth digit. This was pentugon- 
nlly grooved as in the main bulk of cartilage surrounding 
the carpalia, and represented the pisiform bone, which had 
not yet become ossified. 
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Appendicuiab Skeleton. 

The Sea pula . The scapula was a large falcate bone 
broader than long with n comparatively smooth outer surface, 
its inner surface being marked by three short and flat ridges, 
which rmliuted from the neck just behind the coracoid 
process* Its vertebral edge was a slight curve and smooth 
about its middle portion, becoming more broken up and 
tubercular towards the limit of the curve. Its unteiior edge 
was flattened and faced the inner surface of the acromion. 
Two mlges were thus formed on each side of this flattened 
edge. The outer ridge denoted the remains of the scapular 
spine and was continuous with the posterior edge of the 
acromion. The inner, which limited the anterior edge 
of the scapula, was slightly incurved and was continued 
downwards and along tlie uppei edge ot the coracoid. The 
lower edge was concave in contour, thicker towards the neck 
and sharply tnpciing towaids the posterior legion where it 
formed with the veitebial edge the falcate appearance above 
described. The acromion pioccss was shaiply tinned 
upwards and foimed an acute angle with the spine ot the 
scapula. It was somewhat incurved and thus concave on its 
inner aspect. The coracoid wus a sandier pioccss and was 
turned in towards the veitebne forming un obtuse angle witli 
the transverse axis ot the scupula. Its lowei edge arose 
directly from the anterior edge of the glenoul cavity. 

The glenoid cavity wus a sliullow oval concavity, pitted, 
tuberculated, and lined witli thick epiphysial encrusting 
cartilage. 

The Humerus .—The humerus was a stout, short, club- 
shaped bone the head of which was smooth, hemispherical, 
and covered with encrusting cartilage. The head itself was 
too large for the glenoid cavity of the scapula and conse¬ 
quently did not completely fit into that depression, the major 
anterior portion being quite free. The external tuberosity 
was large and well marked. It lay anteriorly to the head 
and was separated from this by a distinct broad groove which 
was Continued almost round the shaft below the head. It 

17 
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was coarsely pitted and tuberoulated over it« entire surface 
and its most conspicuous projections were two in number, u 
large mastoid prominence extending inwurds towards the 
ribs, and a small downward pointing process lying at its 
lower (interior border. The shaft was short and laterally 
compressed so that it was oval in section. The surface was 
finely grooved on its inner aspect and pitted on its outer. 
The distal depression for the head of the radius was larger 
than that for the accommodation of the head of the ulna, 
its epiphyses being also much thicker and Btouter. 

The Radius and Ulna .—The radius and ulna were sub¬ 
equal bones approximated only at their proximal and distal 
extremities, the radius being much stouter and projecting 
further into the carpal cartilage. The proximal ends of both 
these bones were furnished with fiat plate-like epiphyses, 
which were more completely fused than those of the diatal 
extremity of the humerus. Anteriorly and at its junction 
with the humerus the radius projected away from the line of 
the anterior uspect of the former, so that its articulating 
portion represented hut five-eighths of the proximal surface 
of the bone. The ulna was a more slender bone, narrower 
below the olecranon process tlum at its distul end, where it 
was in breadth equal to the same end of the ulna. The upper 
articulation of this bone was partly carried out by the 
ascending anterior surface of the olecranon, which was broad 
and turned acutely downwards at its junction with the shaft. 
The posterior bonier of the olecranon process was tuber- 
culated and pitted for the reception of a large triangular 
slip of cartilage. 

Ulnar and Radial Epiphyses ,—(see Plate IV., Figs. 1 and 
2).—At the buses of the ulna and radius in a cup-sliaped de¬ 
pression of these bones two epiphyses were found completely 
embedded in the cartilage. The larger of the two was that 
accompanying the radius. They were ovoid bones resembling 
large plum-stones in Rhnpe and were deeply pitted and tuber- 
culated over their entire surfaces, and resembled the surfaces 
of tbe carpalia which were embedded in the cartilage and 
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not exposed to the surface. In appearance they much 
resembled similar bones described by Flower in Physeter. 

The Car pm. The bones of the carpus were five in 
number and corresponded in all probability to the trapezio- 
scnphoid, the semilunar, and the cuneiform of the proximal 
row, and with the trapeze-magnum and the unciform of the 
distal row. 

All these bones weie, when the cartilage had been 
removed, cylindrical in shape with the exception of the 
trapezo-magmim. They were smooth on both their exposed 
surfaces, but were deeply pitted and tuberculated on the 
borders surrounded by the cartilage. The measurements 
across the middle pottion of the cylinder were invariably 
greater than the diameter of the exposed surfaces with the 
exception of the case of the trapezo-magmim which was 
peg-top shuped, its outer surface being smooth, its inner 
being a smooth truncated point which was just visible on the 
inner or palmar side of the cnipus. Of the five boneB the 
semilunar was imperceptibly the largest and presented an 
equal palmar and outer aspect. Next m order of size were 
the cuneifoim, the tinpezio-seaphoid, the unciform and the 
trapezo-magnuiu. All, with the exception of semilunar and 
trapezo-magmim presented n smaller surface on the outer 
than on the inner surface ot the carpus. The outer and 
inner surfaces oi the trnpezio-scaphoid were bevelled round 
to meet one another at the anterior edge ot the carpus, so 
that the bone fitted the rounded contour of the cartilage ut its 
front edge, and did not pi oject away from it. As in the toothed 
whales the surrounding cartilage exhibited grooves sur¬ 
rounding each bone, so that it uppeared to possess a distinct 
pentagonal area of cartilage to itself. The greatest amount 
of cartilage wrh present between the ulnu and radius and the 
proximal row of curpuls, but a tongue-shuped portion of 
cartilage could be traced upwards and backwards from the 
top of the insertion of the fourth digit. This was pentagon- 
ally grooved as in the main bulk of cartilage surrounding 
the carpaliu, and represented the pisiform bone, which had 
not yet become ossified. 
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The following axe measurements of the several elements 


of the carpus 

Ostsr Stufaot 
Inohaa 

Palmar Borfa 
Imhst 

Cuneiform 

1« 

u 

H 

'* 

Semilunar 

1 

u 

il 

it 

1 rape/io scaphoid 

2 

it 

2 

a 

Unciform 

1 
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Trapeso magnum 

1 

f 

4 

s 


1 he digits wen in the following oidei ot size—J, 2, 1 4, 
and the numbei ot phalanges was gieatest in digit 3 there 
being & 


In otdei lit digit 
2nd „ 
3rd ,, 
4th „ 


3 phalanges 

4 M 
B 


The longest metacarpal was that belonging to digit 3 


The following is a list of meusu lenient* in inches coin pul¬ 
ing the piesent specimen with that measuied by Lilljeborg 
from the vu mity of Bergen 

It may be mentioned that a Swedish foot equals 11 69 
inches of Lnglish measurement 
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Length of skeleton 

23 

0 

23 

8 

Length of skuU 

5 

24 

6 

8 

Width of skull across temporal bones 

2 

HI 

2 

11 

Width of beak at base 

1 

0 

1 

0 

Width of beak at middle 

1 

u 

1 

4 

Length of beak 

3 

*> 

3 

5J 

Length of lower jaw along curve on outer 





side 

5 


3 

0 

Cuoumforenoe of lower jaw at middle 

1 

0 

1 

0 * 

Height ot prooessus ooronoideus behind 


8 


4 

Length of centrum of atlas 


2 


U 

Width of atlas across transverse prooeases 

1 

0 

1 

H 

Length of its lateral prooewe* 


2| 


3tV 

Length of oentrum erf axis 


24 


24 

Width of axis across lateral processes 

1 

4f 

1 

»4 

Length of its lateral prooeises 


e 


6 

Length of oentrum of 3rd cervical vertebra 


K 


14 

Length of oentrum of 7th cervical vertebra 


14 


14 

Length of centrum of 1st dorsal vertebra 


1* 


14 
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Nt IjM 


Width of oentram of 1st dorsal vertobra 5 

length of lateral p roo eeses of 1st dorsal 

vertebra 6 

Length of centrum of ilth dm sal vertebra 5 

W with of centrum of 11th dorsal vertebra 

in front 0} 

Length of lateial processes of 11th dorsal 

vertebra 9J 

Length of neiral spine of 11th dorsal 

vertebra 9} 

Length of centium of 1st lumbosacral 

vertelra 5 

Width of centrum of 1st lumbosacral 

vertebra in front Aft 

Length of lateral processes of 1st lurabo 

aacial veitebra 9J 

Length of neural spine of 1st lumbo sacral 

vertebra «* 

I ength of centrum of 7th lumbo saer&l 

vertebra 5| 

Wilth of oentium of 7th lumbosacral 

veitebra in front 6 

Length of lateral processes of jth lumbo 

sacral vertebra 8$ 

Length of neural spine of 7th lumbo 

sacral vertebra 11 

Length of centrum of 13th lumbo sacral 

vertebia 7J 

Width o i cento um of 13th lumbo sacral 

vertebra m front 6J 

Length of lateral processes of 13th lumbo 

sacral vertebra A 

Length of neural spme of 13th lumbo 

sacral vertebra 7 
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sacral vertebra 

Length of centrum of 2nd oaudal 

vertebra 7J 

Width of oentram of 2nd oaudal 

vertebra in front 6J 

Length of lateral processes of 2nd oaudal 
vertebra 

Length of neural spine of 2nd oaudal 

vertebra 3$ 
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»4 
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71 
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21 

74 
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«n St Mina Uind 

faun SpeolAen 


KMt 

i • 

Vast 

Ins 

Length of oentram of 6th caudal vertebra 




7 

Width of centrum of 6th caudal vertebra 





m front 


a* 


•i 

Length of centrum of 13th caudal vertebra 


i* 



Length of sternum 

1 

21 

l 

4 

Width of sternum 


94 



Length of scapula 

l 

2 

l 

S 

Width of scapula 

1 

Hi 

2 

2J 

Length of acromion 


54 


7 

Length of coracoid 


’4 


4 

Length of lmmerus 


10 


94 

W ldth of humeru* at middle 


*9 


s 

Width of humeius at lower end 


04 


6 

Length of tabus in a straight line 

1 

5 

I 

84 

Width of ru bus at the mi 1 lie 


<8 


05 

Length of ulna ui a stiaight bni without 





oleuanoo 

l 

04 

1 

SJ 

Width of ulna at the middle 


2| 


24 

Width of ulna act os* oleuanon 
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To ProfesHoi Meek 1 am indebted foi much kindly 
cnticism and advice The plates die from photographs 
by the late Miss Jamieson 
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Boulders Committee. 

Rbpoet No. 7. June, 1914. 

Reported by Dr. Woolacott and C. T. Tmchmamk, B.Sc.— 

Hendon Banka, near Sunderland. Threlkeld "Granite", Volcanic 
eerie# of Borrowdale. Eycott Hill lava. 

Sand pita, Durham. In current bedded eanda and leafy days. 
Voloauio seriea of Borrowdale (numerous), Threlkeld "Granite", 
Greywocke, Red granite, Quartsite; Sandstone; Coal. 

Banks of Wear above Durham. Volcanic series of Borrowdale; 
Thelkeld “Granite"; Sandstone, Whin. 

Cleadon sand pit Chart, Brock ram. 

Marxian quarry. Greywacke. 

Man Haven. Volcanic series of Borrowdale. 

Reported by Dr. Smyths— 

Coast near Howick. In Pebble bed resting on boulder clay. 
Magnesian limestone (with fossils). Whin; Greywnoke; Chert, 
Mica schist, Cheviot porphyrite and andesite; Olivine basalt. 

Reported by Dr. 8 myths and Dr. WooLacorr— 

FaUowlees Burn, Bardon Mill. Volcanic series of Boriowdale, 
Granite (BkiddawP), Thelkeld “Granite", Gabbro (Carrock 
Pell?). 

Kingswood Burn. Same as in last, with Penrith sandstone, agglom¬ 
erate, spotted schist, and various granites 

Reported by 0. T. Tbkjhma**, B,8o.— 

Many Scandinavian boulders from Durham coast, about a mile noith 
of Castle Eden Dene (a fuller report will appear in a subsequent 
number of Proceeding*). 

STBUnoim. 


Reported by Dr. Smyths— 

30 yards south of Saddle rock, Dnnstanbnrgh, on limestone. Two 
directions, S. and 225° E. of S. (sea level). Embleton quarry, on 
Whin Sill, 86° E. of S. Ratelengh quarry, on Whin Bill. Three 
directions, 18°-25° E of S,, 5° E. of 8. i mile south of St. 
Oswald's Chapel, 84° E. of S* Height 760 feet. 

Reported by Dr. Woonaoorr and C. T. Tmnoiaumr, B.Sc.— 

Hendon Banks, near Sunderland, on magnesian limestone, 00° E. of 8 , 
sea level. 
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University of Durham' 
Philosophical Society 


Editorial 

The activity of the Philosophical Society has been very 
much interrupted by the war Many members h^v# joined 
the Army and Navy and the few who remain have had 
little tune for private work the whole of the Armstrong 
College buildings were at the outbreak of war taken over 
for the 1st Northern General Hospital and other colleges 
have been seriously disorganised so that it u not surprising 
that instead of two parts of the Proeetdtngt each of about 
sixty pages only this short number has been published 
Nor does it at present seem possible that next session will 
see any improvement though the Editorial Committee hope 
that some means may be found of preventing the complete 
cessation of the work of the Society 
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The Estimation o f Small Quantities op Lime 
iy Presence of Large Quantities of Magnesia. 


By J 8 F Ga^d, B So 
[Bead February llfcb, 1916 ] 

During last session, m the course of a paper on Dolo¬ 
mites, one of our members remarked on the difficulty of 
obtaining concordant results m tbe estimation of lime 
when associated with large quantities of magnesia, and it 
occurred to me that it might be useful to put on zecord the 
method worked out and used in the laboratory with which 
I am connected At first considerable difficulty was experi¬ 
enced in the estimation of the lime, duplicates varying from 
0‘6 to 3 per cent omng to the precipitation of magne¬ 
sium oxalate, or a double calcium magnesium oxalate 
which could not be separated by three or four reprecipita¬ 
tions. Only after ignition, re-solution and precipitation 
could the magnesia be eliminated There appears to bp 
very little literature on the subject. I have found, however, 
that the oxalate method is veiy ieliable when properly 
manipulated, and more so than any other methods tried. 
Among the latter I may mention piecipitation of the lime 
by sodium tungstate; with oxalic acid in the cold (in pre¬ 
sence of glycerine); and as sulphate with ammonium 
bisulphate The tungstate method was the most hopeful of 
these, occasionally giving good results; it is fairly rapid, 
but suffers from the great drawback that the calcium tung¬ 
state usually sticks so tenaciously to the beakers as to be 
incapable of removal. 

To come to tbe point, the best results are obtained in the 
following manner:—The equivalent of & grammes of mag¬ 
nesium oxide is dissolved in water, or a slight excess of 





236 

hydrochloric acid, about 6 grammes of ammonium chloride 
are added and then ammonia until the solution is just 
alkaline. 

The solution is boiled, and the silica, iron, etc., filtered 
off; acetic acid is then added in fair excess, and the volume 
made up to about 450 c.c. with voter. The solution is 
boiled, 50 c.c. of a cold saturated solution of ammonium 
oxalate poured in, the whole kept at the boiling i>oint for 5 
minutes, und afterwurds allowed to stand for at least 20 
hours in a warm place.. 

After decanting the supernatant liquor through a filter, 
the precipitate, which cakes und clings to the beaker, is 
dissolved in hydrochloric acid (1 vol. acid: 1 vol. water), 
a little ammonium oxalate added, the calcium soli repre¬ 
cipitated with ammonia anil acetic acid again added, the 
bulk being now kept at 200 c.c. The precipitate, on 
settling for lialf-an-hour, should be quite free, not 
caking or sticking to the glass; if it does so, the preci¬ 
pitation must be repeated. It is then filtered and treated 
in the usual way. 

By this method as little as 0 20 per cent, of CaO can be 
estimated with ease, and duplicates only vary by 0'02 to 
O'OO per cent. The essential points are: (1) Precipitation 
in presence of acetic acid; (2) employment of a dilute solu¬ 
tion, the concentration of which should not exceed one per 
cent, of magnesium oxide; (3) allowance of ample time for 
precipitation (betweeu 20 and 30 hours). 
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Note on thf Inffuenct of Imcombubtible 
SuBSTAWCFB ON COAL - DUST EXPIOSION8 

By A 8 Biatcktobo B So 
[Road March 4th 1915 ] 

Fxpenraents were undertaken in development of Prof 
Bedaon a previoua work to obaerve the quenching effect of 
different substances to find the moat efficient of theae and 
to arrive at a possible explanation of the preventive action 
Mixtures of coal dust and quenching substance were fired 
at a constant temperatuie and the table records the least 
percentage of quenching substance in n mixture which pre¬ 
vents an explosion 



Owl A 

Owl D 

Owl O 

Owl D 

Bodtt Alta 

67 

60 

47 

68 00 

Quick Lome 

00 

46 

42 44 

66 

Chances Mud 

88 40 

80 38 

20 80 

80 40 

Gypsum 

38)6 

96 28 

26 

86 

Magnesia 

88 80 

28 

26 26 

82 88 

Magnesia Alb* 

22 

17 10 

16 

22 28 

Anhydrous Sodium 





Carbon*** 

12 18 

10 + 

12 

16 

Sod* Crystals 

10 

10 

9+ 

11 

Sodium Bicarbonate 

010 

7 

7 

8 

Glaubers Salt* 

8 

8 

7 

8 


It was shown that the quenching effect was not due 
to (1) liberation of carbon dioxide from the decomposition 
of a quench nor to (2) the influence of water of crystallisa¬ 
tion but was due to (1) the prevention of a rapid nee of 
temperature of a mixture by heat absorption arising from 
the specific heat xnd thermo-chemical requirements of the 
quench 
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The Rate op Liberation of Hydrocyanic Acid 
from Ge n etically pure Linsee d. 

By 8 H Coluks, M 8c F I C, and H Blu* 

[Bead March 9th, 1015 ] 

On a former occ&bion 1 the authors were able to place 
befoie this Society a note on some result*, obtained when com- 
mertial kinds of linseed were digested with watei at 45° C , 
and the yield ot hydrocyanic acid measured at interval* 
of time On that occasion we expressed the hope that we 
might obtain results from linseeds grown under conditions 
that would represent but one variety of linseed and not the 
mixed and hybridised seed of commerce 

Our researches have been interrupted by the war but we 
are now able to report on such work as we have been able to 
finish 

Owing to the kindness of Prof Bateson we have examined 
three pure strains of linseed with the results of Table I , 
whilst with the help of Dr J Vargas Eyre we have examined 
four other pure strains as shown in Table II 

The range of yields of hydiocyamc acid vis —166 to 
460 per 1,000 are similar to the lange of results previously 
referred to 1 , but, on thfc whole, are higher The range of 
velocities of reaction, that is from 47 to 83 minutes for 
yielding half the total amount, are also similar 

‘See 'The Bate of Evolution of Hydrocyanic Acid from Irmnsid 
under Digestive Condition*, Unto Dur PM ' Soc , vol iv p 99, "The 
Rats of Liberation of Hydrocyanic Acid from Linseed," Analyst, 19X4* 
p 70, “ Tbe Hate of Liberation of Hydrocyanic Add from Commercial 
Kinds of Lineeed,' Unto Dur Pktl Soc , vol v , p 903, and “ The feed¬ 
ing of Linseed to Calves," Journal of the Hoard of Agriculture, vol nil, 
p 190 
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Up to the pieaent there is no evidence th it pure stiains 
will yield *my result markedly different from commercial 
kinds of seed 1 lie dwaif blue dower however, gives lesults 
likely to produce a linseed especi dly suitable for calt feeding 
owing to its low cyanogen content ind to the slow rite ut 
winch it tomes off 


Table I 


Tall blue Sower 

Hjdrot jr*nJ A d 
part* per 1 000 

290 

Mtaatea to rrolro 
o e half tot 1 amount 
60 

White flower 

282 

63 

Dwarf blue flower 

16b 

76 

Seed A 

Table n 

Hydrocyaol AomI 
\ arta per 1 000 

460 

Min tea to atolre 
ana half total amount 

47 

F 

380 

82 

G 

360 

66 

H 

300 

81 
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The Formation and Decomposition op_the 
Hydrides of the Non-metals. 


By J. A Smtthi, Ph.B , D Sc. 

[Read February 11th, 1015.] 

One of the mo8t fruitful subjects of study in the field of 
inorganic chemistry during recent years has been that of the 
binary compounds of the metals and non-metals, especially 
the nitrides, borides, sulphides, carbides und silicides, the 
stimulus coming, very largely, from the invention of the 
electric furnace. Along with the progress of investigation 
of these compounds, the examination of their reactions, 
particularly those which lead to the formation of non- 
metallic hydrides, has claimed much attention, and the 
results so far obtained have proved of considerable scientific 
interest and practical utility. Though much yet remains to 
be accomplished, there is already a mass of scattered informa¬ 
tion on the subject which, when correlated, gives promise of 
conneotinginany, apparently diverse, phenomena, and may 
lead to a deeper insight into the mutual relations of these 
compounds. A connected account of the chief results thus 
far obtained and some of the conclusions which may be, 
tentatively at least, drawn from them may thus be accept¬ 
able at this stage. Particular attention will be directed at 
first to the chemistry of the nou-metallic hydrides, which 
are the products of the action of water or dilute acids on the 
binary metallic compounds; later, the best known and most 
important group of the last-named compounds, vis., the 
carbides, will claim special treatment. The hydrides will 
now be considered briefly in their natural groups. 
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The Halogent torrn the hydrides FH, C1H, BrH, IH; no 
other hydrides are known. Hydrogen fluoride is distin¬ 
guished by its molecular complexity at low temperatures (in 
the region of the boiling point, 19°), association taking 
place as illustrated by the equilibrium-equation 1 : 
F 4 H^4FH. 

This property, affecting the gaseous state, is apparently 
unique among the hydrides. Polymerisation in the liquid 
and solid state, presumably accompanied by change in 
molecular weight, is, however, frequently encountered 
among the hydrides of carbon, e.g., styrol, cyclopentadien. 2 

The Oxygen family form the hydrides OH a , SH a , SeH a , 
TeH 9 , all of which ore dissociated into their elements with 
rise of temperature, those of high molecular weight most 
easily. Oxygen forms an additional hydride, O a H 3 , readily 
decomposed into oxygen and water; other hydrides have been 
postulated, e.g., O a H a , by Berthelot, 0 4 H a by Bach, but 
their existence has been disproved by Baeyer. 3 

Hydrides of sulphur appear to be numerous; two, besides 
hydrogen sulphide, have been isolated, vis., S a H a and S a H a , 4 
and there are good grounds tor thinking that S«H a and 8 a H a 
are capable of existing and possibly also S a H a and S T H a . 
Direct decomposition of the trisulphide into the disulphide 
and sulphur, and of the disulphide into the monosulphide 
and sulphur has been proved, and it is probable that the 
higher polysulphides behave in a similar way on heating. 

The Nitrogm family form the hydrides NH a , PH a , AsH a , 
SbH a ; two additional hydrides of nitrogen are known, 
hydrazine, N a H 4 , and hydrasoic acid, N 4 H (leaving out of 
account the two derivative hydrides, ammonium hydrasoate, 
N 4 H 4 , and hydrasine hydrazoate, N a H a ). Phosphorus yields 
a liquid hydride, P a H 4 , 8 and several solid hydrides. One of 

1 Thorp* and Hamby, Soe., 1889, It., 163. 

1 Kmnstein, Bar., 1909, xxxv., 4180, 4168. 

* Basyar, Bar., 1900, xxxIIl, 2488. 

* Bkwh and Hdhn, Btr , 1908, xli, 1981, 1971, 1976. 

SOattarmaxm aad Haankneaht, Bar., 1890, xxiiL, 1174, 
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these has the empirical formula, P a H, but the cryosropic 
determination of its molecular weight proves its molecular 
formula to be P 13 H.. 8 The liquid hydride is decomposed 
spontaneously (in contact with hydrochloric acid or calcium 
chloride) into phosphine and this solid hydride, as expressed 
in the simplest terms by the equation: 

5P,H 4 = 6PH # + 2P a H.« 

When the solid hydride is treated with liquid ummonia or 
heuted in vacuo, it is decomposed into solid and gaseous 
hydrides as follows : 1 

5 P a H m P a H a + PH a ; 

still another solid hydride, P 8 H„, bus been described us 
resulting from the therinul decomposition of P s H a , and by 
the action of acetic acid on the alkali pentaphosphides.* 

No definite hydride of arsenic other than arsine has 
been isoluted, though u solid hydride, AsH, has been de¬ 
scribed, but its existence is doubtful. In the case of 
antimony, too, there is no evidence of hydrides other than 
stibine, though such have tieen carefully looked for among 
the decomposition-products of that compound. 0 

Boron stands, in a sense, apart from the other non-metals, 
and the recent brilliant investigations of A. Stock and his 
collaborators 10 have revolutionised our ideas on the chemical 
relationships of the element. The main results of this 
work may be briefly summarised as follows: Many well 
defined hydrides have been isolated, e.g., B a H a , B a H l0 , 
B, 0 H U , B«H, a , (the last is somewhat uncertain with respeet 
to its hydrogen-content), but no evidence has been obtained 
of the compound BH a , corresponding in composition to the 
chloride and methide and to the position of the element in 
the periodic classification. So far as the composition of 


' Sobeaok tad Back, Btr., 1904, xxxrii, 91a, 

' Stock, Bdttobcr sad Longer, Btr., 1900, xlii, 9899, 8947, 

' H tohtpUl, Oompt. rtnd., 1918, olvl., I486. 

• 8took sad Dokt, Btr., 1901, xxxiv., 8999; 1908, xxxv., 8870. 
tad Guttnsan, Btr., 1904, xxxvtL, 880. 


S t o ck 


“Steak tad MoHontr, Btr., 1918, xhr., 9090; Stock tad FriederM, 
Btr., 1919, xlvi, 1989) Stoek tad Mott, Btr., 1919, zbL, W. 
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these hydrides is coucerned, there is thus a strong, and 
unexpected, resemblance between boron and carbon, recal- 
ling that which exists between other elements of low atomic 
weight belonging to different groups, c g., fluorine and 
oxygen; beryllium and aluminium; lithium and calcium. 

Besides the hydrides mentioned above, there are others, 
both liquid and solid, but less well defined, and the relations 
subsisting among all these hydrides resemble, in an 
enhanced degree, those already noted in the case of the 
hydrides of phosphorus. Thus B 4 H, 0 is decomposed spon¬ 
taneously into hydrogen, B a H« and solid and liquid hydrides, 
in which the mean atomic ratio of boron to hydrogen is 1:1‘2. 
B # H, again, though more stable than B 4 H 10 , suffers decom¬ 
position when sparked, or heated, or even under the influ¬ 
ence of ultraviolet light, into B 10 Hi 4 and other hydrides. 
In the wools of Stock, “ Ein so leichtes Uebergehen von 
Wasserstoffverbiudungen in undere, tails niedriger, toils 
hoher molekulare, bei Zimmertemperatur, ist eine bisher 
unbekannte Erscheinung." 

Carbon and Silicon, the two remaining elements to be 
considered, form the corresponding hydrides CH 4 , SiH 4 and 
C a H s , SijH,. The last of these is generated, along with the 
tetraliydride, by the action of hydrochloric acid on mag¬ 
nesium silicide 11 or, better, from lithium silicide; there is 
ulso evidence of u lower hydride, Ki a H 4 , and of a solid 
hydride of unknown composition. Several ill-defined 
hydrides appear also to be formed by the decomposition of 
the tetrahydride. The number of hydrides of carbon is 
legion, aud many, too, are the methods used in their pre¬ 
paration ; but the only aspects of the subject which concern 
us, in this place, are the preparation of these hydrides, the 
hydrocarbons, from the carbides and their conversion into 
one another by the agency of heat. 


11 Lafaeu, Comp/. rmL, 1000, xlviil, 49. 
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Tuk Formation or Hydrocarbons from Carbides. 

The carbides of the metals cau be classified according to 
their reactions with water and dilute acids; some are un¬ 
attached, others, like calcium carbide, yield acetylene; 
aluminium carbide gives methane, and the carbides of iron, 
thorium, uranium and the cerium group yield a complex 
mixture of gaseous, liquid and, in cases, solid hydrocarbons, 
both saturated and uusaturuted, belonging to the paraffin 
series. Precise details of these reactions will be given later; 
meanwhile, a point ot resemblance between the carbides and 
the phosphides, borides, silk-ides and, possibly, the polysul¬ 
phides may be noted, in that the hydrides derived from many 
oi these compounds are characterised by great complexity of 
mixture—most marked in the case of carbon in accordance 
with the stability of the hydrocarbons. 

In seeking for an explanation ot this phenomenon, 
several possibilities present themselves. 

1. The binary metallic compounds may be mixtures, 
each component yielding a corresponding hydride on re¬ 
action. This was the view entertained by Stock and 
Messener {op. eit.), who write, with reference to magnesium 
boride: “ Oifenbar ist das sogennante Magnesiumborid 
erne kompliziert zusammeugesetrte Nubstanz, und seine 
Zeraetzung durst Wasser und S&uren ein hfichst verwickel- 
ter Vorgang.” Yet the proof, adduced by the authors 
themselves, of the ease of decomposition of the hydrides of 
boron, not merely at the moment of liberation, when ex¬ 
perience shows a general exaltation of activity, but in a 
prepared condition, renders such nn explanation quite 
superfluous. 

Against the view in general it may be urged that these 
compounds are usually crystalline and well-characterised 
(many carbides, silicides and borides have been investigated 
crystallographicaUy), and that efforts have been made in 
individual cases to separate possible constituents of admix- 
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tare, though without auroess. Thus, referring to the car¬ 
bide of iron, Myliua and hie collaborators 13 eay: "Die 
chemiachc Individuulitat den Carbide wird bewiesen dutch 
die fraotionierte Ldsung der Substanz welche die Zusummen- 
setzung deraelben nicht andert ”; and Moissan, 13 led by the 
observation that cerium carbide evolves, with water, both 
acetylene and methane, just as though it were a mixture of 
two carbides like those of calcium and aluminium, fraction¬ 
ally decomposed the compound with water, but without 
bringing about any alteration in the composition of the 
derived gases. Furthermore, to account for the reactions 
of, say, uranium carbide, on this view, one would have to 
assume this body to be a mixture of dozens of carbides, 
some with, perliaps, twenty or thirty carbon atoms in the 
molecule; such an assumption has, clearly, nothing to 
recommend it. 

2. The metallic compounds, though of simple empiri¬ 
cal composition, may be moleeularly complex and so may 
yield, on reaction, many products, some of high, others of 
low, molecular weight; just as, for example, dibenzyl, of 
the empirical formula CH, gives on chlorination such deri¬ 
vatives us C 14 H 19 C1 3 , C»C1„ and C 9 C1 # , in virtue of its high 
molecular weight (the molecular formula being C 14 H, 4 ) and 
the molecular disruption which accompanies exhaustive 
reaction. 

Now, on this question of the molecular complexity of 
the compounds under discussion, nothing definite can be 
stated, as methods for determining their molecular weight 
have not yet been discovered. There would, however, 
appear to be no advantage in asstuning a high molecular 
weight for some carbides and not for others. Looking at 
the problem in its general aspect, the molecular simplicity 
of the solid state has often been affirmed by chemists, 
though possibly the prevalent views are to the contrary; 

* Mjrlins, Foenter and Schoaat, Sen, 1896, xxix., 8991. 

11 Ma tin , Oompt, ruuL, 1896, exxiL, 867. 
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thns van t'Hoff 14 was led, especially by the study of the 
phenomena of solid solutions, to the conclusion “doss der 
feste Zustond nicht in hochmolekularer konstitution seme 
Umche hat.” Further, it ma> he noted that the effect of 
heat is invariably to promote the dissociation of complex 
molecules, and it may thus be inferred that substances 
made in the electric furnace are likely to have low mole¬ 
cular weights. 

Collateral evidence on the point, from the chemical side, 
is afforded by the action of chlonne on silicon and the sili- 
cides. It lias been shown that silicon, freed from mag¬ 
nesium silicide, yields only the tetrachloride SiCl 4 , by 
reaction with chlorine, but that higher chlorides, Si a Cl 4 and 
Si,Cl„ are produced when the silicide is not removed; 18 
moreover, that ferro-silicon, containing 50 per cent, of sili¬ 
con, gives good yields of these higher chlorides, and that 
the hexachlonde is not reduced to the tetrachloride by 
means of silicon. 16 The inference to be drawn from these 
observations is that silicon is molecularly simple (mona¬ 
tomic) and that the silicides probably contain the groupings 
Si a and Si,; but as silicides of corresponding empirical com¬ 
position have been isolated, 17 it may be argued that their 
empirical formula are also molecular and, therefore, that 
the silicides are compounds of low molecular weight. 

3. Though the arguments so far adduced cannot be 
regarded as decisive, yet their cumulative strength is 
against the idea that the complex mixture of hydrides, 
resulting from the aqueous decomposition of many carbides 
and similar compounds, can be accounted for by the mole¬ 
cular complexity of these compounds, or by the supposition 
that a mixture is masquerading as an individual. An ex¬ 
planation of the phenomenon, free fiom the objections 

14 vaa t'Roff, Mmmm S btr theontiteh* tend phtmtaliacJu ekimit, 
1899, roL ii., 71. 

“ Oattsrunn sad KQory, Ber., 1899, xxxii, 1114. 

" Martin, Sot., 1914, evi., 9889. 

" Barton, Umv. Durham Phil. Soe., 1910, vd. iU., part 8,998. 
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which can be rained ngninat these, is suggested by the ease 
and character of the decomposition of the hydrides of boron 
(and, in a lees degree, those of phosphorus and silicon too). 
Stated briefly, the suggestion is that the complex hydride- 
mixture, produced in many cases by the reaction of car¬ 
bides, borides, silicides and phosphides with water, ia the 
result of the decomposition of a single hydride, the unique 
gaseous product of the double decomposition, corresponding 
in composition to the metallic compound from which it is 
derived. It may be asked, however, whether the important 
group of the hydrides of carbon shows a behaviour similar 
to that of the other hvdndes in question? The unswer is 
that spontaneous decomposition, such ns the hydride of 
boron, B 4 H 10 , exhibits, xs unknown among the hydrocar¬ 
bons, but the theimal decomposition of other hydrides above 
mentioned is a highly chaiacteristic property of the 
hydrocarbons and is indeed employed in practice for the 
production of light oils from heavy oils, the operation being 
known as “cracking.’* The main features of this process 
must now be considered. 

« 

The Decomposition of Hydxocakbons. 

Almost all natural occurrences of hydrocarbons are 
extremely complex mixtures belonging to certain well* 
known classes of carbon compounds (paraffins, both satu¬ 
rated and unsaturated, naphthenes, etc.); similarly, 
artificial hydrocarbon-products such as arise from the 
destructive distillation of bitumen, coal, oil-shales, etc., 
are characterised by a like complexity of mixture. It is 
found, experimentally, that when any hydrocarbon is raised 
to the temperature at which it is decomposed, a number of 
new hydrocarbons is produced, some of lower, others of 
higher boiling point than the original—corresponding, in 
general, to less or greater molecular complexity. Many 
attempts have been made to trace the individual steps in the 
progress of these reactions. Thus the primary decomposi¬ 
tion by heat of butane is stated to result in the formation of 
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ethane and ethylene, 18 and normal hexane is resolved into 
amylene and methane. 18 A simpler example is that of 
ethylene wliieh, at 800°, yields methane and acetylene, 
according to the equation 20 :— 

3 C,H 4 =2 CH 4 + 2 C*H a . 

The validity of this equation has, however, been called 
into question. 31 

Now such reactions must be looked upon aa ideal, and 
only, even partly, realisable by selection of special experi¬ 
mental conditions, which enuble the primary products of 
the cracking process to be quickly removed. In all ordinary 
cases, these products themselves suffer similar changes of 
decomposition, und at the same time other reactions set in; 
unsaturuted hydrocarbons aie polymerised, and reactions 
of condensation (using the term in the sense of combination 
of two or more molecules with loss of hydrogen) and addition 
(particularly hydrogenation) take place, whereby more 
complex hydrocarbons are pioduced. For exnmple, in the 
thermal decomposition ot acetylene, this compound is poly¬ 
merised to benzene; acetylene and benzene condense to 
form naphthalene, with elimination of hydrogen, and a 
reaction of addition between naphthalene and acetylene 
yields auenaphthene. 33 Thus, ulong with the resolution of 
complex hydrocarbons into simpler ones (cracking, in the 
literal sense of the word) there proceeds the reverse synthetic 
process, and as the temperature-intervals favourable to 
many of the reactions overlap, it follows that great com¬ 
plexity of products is the result, and the extent to which 
control is possible is restricted to the preservation of the 
optimum-temperature (and pressure) for a particular re¬ 
action or, rather, set of reactions. 

11 Thorps and Young, Proe. Roy. Sot., 1878, xxL, 114. 

" Haber, Btr., 1896, xxix., 2801. 

• Lewes, J. See. Ckem. Ind., 1893, 084. 

n Bone and Coward, £oe., 1908, xcili., 1197. 

" a Merer, Btr., 1913, xlr.. 1609) R. Meyer and Taasen, Btr., 1918, 
xlvi, 8188. 
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Several comprehensive investigations of this character 
have been carried ont in recent years; among these may be 
cited the repetition, on u large scale, of Berthelot’e work on 
the thermal decomposition of acetylene, 33 and the detailed 
study of the cracking of liexune, hexamethylene, amylene 
and ethylene at various temperatures and, even in the cold, 
in presence* of a catalyst and under high pressure. 33 All of 
these processes yield a highly complex mixture of gaseous, 
liquid and solid hydrocarbons, both saturated and unsatu¬ 
rated, and hydrogen is an invariable constituent of the 
gases. One result of considerable interest, which may be 
mentioned in passing, is the proof that it is possible, by 
selection of conditions, to prepare from hydrocarbons like 
ethylene or amylene, liquid hydrocarbon-mixtures resem¬ 
bling closely the three chief types of natural rock-oils, vis., 
those from America, Baku, and Galicia.* 

From the point of view of the present enquiry, the 
phenomena of the thermal decomposition or cracking (to 
apply the technical term to embrace both the analytic and 
synthetic reactions which take place) of hydrocarbons are of 
importance, in that they bear witness to the ease of decom¬ 
position of the hydrides of carbon, and the formation from 
individual hydrides of a complex mixture, some containing 
more hydrogen, others less,'than the original; and it is 
reasonable to associate this behaviour with the phenomena 
attending the liberation of hydrocarbons from carbides; of 
the hydrides of phosphorus, boron and silicon from their 
metallic representatives; and with the decomposition, both 
thermal and spontaneous, of the hydrides of boron. That 
such analogies have not been entirely overlooked is evident 


* 0. Asohan, Annaltn, 1902, oeexxtv., 29 j Engler sad Beats!*, Btr., 
1200, xUi, 46191 Ipattrw, Btr., 1911, xllv., 9978 1 IpdmwaadDowgelawltsoh, 
ibid., 2087 ) Ipsttsw and Ron tala, Btr., 1019, shL, 1748 1 see alooO. Engler, 
“ pis Btnsna Aaaiohtan fiber die Rntstehnng dee Erinlas,” 1007. 

* Like so many geo-ohemioal synthases, those do not give the otoe to the 
Tthe asterol prod u cts, though the inform*Won Is netonlly of greet 
Ktha study of the in Wed It mey be noted that the formation of 

hwbocarbon mixtures from oorhides and water led Meissen to the formnlatieB 
: hie well-known theory of the origin of rook-oil. 
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from the words of Moissan 34 who, speaking of the decom¬ 
position of uranium carbide by water, says: “ 11 eat vrai- 
semblable que cette decomposition oomplexe tifcnt h dee 
phenomhnes de polymerisation, analogues & oeux que M. 
Berthelot a decrit dans ses recherches sur la decomposi¬ 
tion pyrogenee des carbures d’hydrogfene.” 

The main conclusions so far arrived at may now be 
briefly summed up. It is probable that the binary metallic 
compounds, from which the hydrides of phosphorus, boron, 
carbon and silicon are derived, are, in general, individuals 
of low molecular weight, conesponding to their empirical 
formulae; that the primary reactions, whereby the hydrides 
are produced from them, aie simple; and that complexity 
of products, when this arises, is the result of a series of 
reactions, exhibited by all the hydrides in a prepared state, 
but best illustrated by the thermal decomposition of the 
hydrocarbons, and which, taking place at the ordinary tem¬ 
perature, may by analogy be referred to as reactions of “ cold 
cracking.” 


Review of tits Hydrides. 

From the facts already set forth, it is apparent that the 
hydrides fall into three classes, according to their behaviour 
on heating and the phenomena attending their formation. 
These properties appear to depend, in some degree, on the 
heats of formation of the compounds. 

1. The hydrides of the halogens, water, hydrogen 
sulphide, and methane are stable in character, but disso¬ 
ciate into their constituent elements on beating; all are 
exothermal except hydrogen iodide, which is feebly endo- 
thermal at moderate temperatures but becomes exothermal 
above 320°. 

2. Hydrogen peroxide, the persulphides of hydrogen, 
hydrasoic acid and stibine represent the unstable hydrides 
which are decomposed readily, often explosively, into their 
elements or more stable hydrides. Some of these are known 

w 
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to he (strongly endothermal, e.f(),OH a =-2*'i; N <( H = 
—02; Sb,il a 35 = —114 cals. 

Ji. The third class iucludes many of the hydrides of phot- 
phorus, boron, silicon and the hydrocarbons other than 
methane, and the members of this class exhibit the pheno¬ 
menon of cold-cracking and also, in the prepared state, of 
ordinary cracking, or thermal decomposition with its accom¬ 
panying synthetic reactions. Only in a few cases is the heat 
of formation of those hydrides known (C a ,H 4 =—2*7; C fl , 
H a =—47*8 cals.), but it is probable that most of them are 
endothermal, corresponding to the increased proportion of 
the acidic element (compare ammonia and bydroaoie acid 
or ethylene and acetylene in this respect) and, in the case of 
silicon, to its position in the carbon group, rise of atomic 
weight carrying with it decrease in the affinity of the ele¬ 
ment for hydrogen (compare ammonia and stibine). It 
seems, indeed, that the peculiarities of this class depend first 
upon the high valence of the acidic element, which deter¬ 
mines the structural possibility of many compounds with 
uni-valent elements, and secondly, on the endothermal 
npture, presumably not very pronounced, of the hydrides, 
which conditions limited stability and the possibility of 
' decomposition stopping short of completeness, t.e. f resolu¬ 
tion into constituent elements. The various products of 
cracking may thus be looked upon as halting stages, as 
pictured by the law of successive reactions, in the degrada¬ 
tion of the energy of the endothermal hydrides. 

That these hydrides, at the moment of liberation, should 
spontaneously undergo decomposition similar to that pro¬ 
duced by heating them in the prepared state, is in harmony 
with experience relative to the activity of elements in what 
is commonly culled the “ nascent ” state,* and it is of interest 

94 Meissen, OompL rend., 1896, cxxiL, 879. 

* Stock and Wredo, Btr,, 1908, xlL, 040. 

* It Is unfortunate that this term has been used to oonnote a oondttlon of 
activity dependent on an assumed difference in atomic or molecular co mp ort* 
tionj the energy-oonditions of an element in the nasoeut and ordinary, or 
prepared, state are so different that no such inferenoe oaa be drawn. 
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to note that such reactions are very susceptible to change 
of condition, which would obviously lead to alteration in the 
distribution of available energy. Thus Moissan M found that 
ice-cold water generated, by reaction with cerium carbide, 
a gas appreciably richer in acetylene, and correspondingly 
poorer in ethylene and methane, than water at the ordinary 
temperature, and that the yields of acetylene from this car¬ 
bide by treatment with water, hydrochloric acid and nitric 
acid (both acids exceedingly dilute) varied considerably, 
being 71, 65‘8 and 83 per cent, by volume. 

Again, it is found, in the preparation of acetylene from 
calcium carbide, that if the temperature be allowed to rise 
to 100°, the yield of gas is greatly diminished, a portion of 
the hydrocarbon becoming polymerised. 37 In each case, 
then, the effect of a slight rise of temperature on the 
materials from which acetylene is being generated, is to 
reduce the yield of that gas, that is, to promote its decom¬ 
position, and as, in the prepared condition, such changes 
only begin at 422° (the optimum-temperature is 640-60°; 
see Bichard Meyer, op. cii.), it would seem that a trifling 
rise of temperature has much the same effect on “ nascent ” 
acetylene as a iise of some 400° has on the ready-made gas. 

It is not difficult to understand, now, why the carbides 
should show such variation in their reactions with water. 
When acetylene or some similar hydrocaibon is the primary 
product of reaction, and the energy-conditions of the en¬ 
vironment are favourable, this gas may be evolved as such; 
under other conditions it may be forthwith cracked, with 
resulting formation of a complex hydrocarbon mixture, and 
it is noteworthy that, in such cases, acetylene and ethylene 
are always found among the gaseous products, and the liquid 
hydrocarbons are partly unsaturated. When, however, 
methane is the first resultant of reaction, it is preserved by 
reason of its great stability; cracking in this case could 

* lfoLwa, Compt . raid ., 1800, oxxu., 807. 

J> Li OhstsUer, Ltfotu **r It Oarbone, p. 108. 
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result only in carbon and hydiogen. Though the presence 
of hydrogen in the gases yielded by the carbides has been 
referred either to reaction with water of the “ excess of 
metalin the compound, 3 * or to secondary decomposition of 
water by the lower oxide of the metal primarily formed, 39 
and though it has usually been held that the saturated 
hydrocarbons in these gases arise by the reduction of une&tu- 
rated hydrocarbons by means of this hydrogen j 30 yet there 
seems as much probability that both the hydrogen and the 
saturated hydrocarbons are the products of the cracking of 
the acetylene or similar compounds first formed. 

The nature of the decomposition-products of the carbides 
with water is so remarkable as to direct attention very forc¬ 
ibly to the carbides themselves. It may be well, therefore, 
in concluding this study of the hydrides, to describe the 
carbides more in detail and to see what conclusions can* be 
legitimately drawn from their reactions as to their nature 
and constitution. 


The Caxbiuks. 

Our knowledge of these compounds is due, in greet 
< measure, to the researches of Hoissan 31 carried out during 
the decade 1893-1903. They are stable, high-temperature 
compounds and are generally prepared in the electric 
furnace. A distinction may be made between the carbides 
proper and the acet^lides, which are unstable compounds 
prepared in the v^?Stoy by means of acetylene; the carbides 
of rubidium, caesium and magnesium form, perhaps, a con* 
necting link between these two classes. Not oil of the 


* 1901, o nni ., 181. It la not quits alter from 

Batihsjot-t st e tm n m t, whether thb exoem of metal Is to be regarded ee free 
or oombfned Itmey be added, that though in the ceet of maanmeoerbide, 
mi^tregard^e meWJ m beingla sums, that 

■? J* the gam obtained from this 
, aooording to li d me n , 16 per oent « hydrogen. 

0**pL rrnuL, 1606, oizii, 870. 

°P* cit. i also K D. Campbell, Amer. Ohm a. Sewa., 1096, 
•' See especially H. Moisten, Lt/our toctrique. 
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metals are able to form carbides, some dissolving carbon 
when molten and rejecting it on solidification. The follow¬ 
ing table comprises the well-investigated carbides, arranged 
in accordance with the position of the elements in the 
periodic classification. Carbides of neodymium, praseody¬ 
mium, samarium, ytterbium and holmium have been pre¬ 
pared, but these rare-earth metals find no position in the 
ordinary scheme of classification adopted here; the composi¬ 
tion of the carbides of rubidium, caesium and magnesium 
seems doubtful, so that these are omitted from the table. 
Where the members of a series do not form carbides, the 
series is omitted. The only carbides missing from the table 
(leaving group vm out of consideration) are those of rubi¬ 
dium, caesium, magnesium, scandium, ytterbium, niobium 
and tantalum; many of these metals are of very rare occur¬ 
rence and have been but slightly investigated. 
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It will he seen from this table that the metals (and the 
quasi-metals, boron and silicon) which form carbides belong 
to the two short periods (series 2 and 3), and the even series 
of the long periods. The non-existence of carbides of the 
metals belonging to the odd series of the long periods does 
not evidently arise from any inability of these metals to' 
combine with carbon, sinoe they unite with the hydrocarbon 
radicals to form the otgano-metallic compounds, in which 
direct anion of metal with carbon is inevitable. It is a 
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curious point, upon which little can as yet be said, that the 
metals of the two short series combine with carbon both aB 
carbide and organo-metallic derivative, while of the long 
periods, only the metals of the even series form carbides 
and only the metals of the odd series form organo-metallic 
compounds. 

With respect to the action of water and dilute acids, 
there is evidently a rough connexion between the behaviour 
of a carbide and its position in the table All the carbides 
in brackets { } are unattacked by water; those of the first 
and second groups, except beryllium carbide, yield with 
water acetylene only; beryllium and aluminium carbides 
yield pure methane; manganese carbide, a mixture of 
methane and hydrogen in equal volumes; yttrium, lan¬ 
thanum, cerium, and the carbides of the other rare earths, 
also those of thonum, uranium and iron, yield a complex 
mixture of gaseous, liquid and, sometimes, solid hydro¬ 
carbons. The composition of the gases evolved from some 
of these is given by Moiesan as follows: — 



Y<V 

I*Or 

C*C r 

PKV 

NdC, 

fiwv 

ThCr 

Vfir 

oft 

.. 72 

70 

70 

670 

66 

70 

47 

02 

CH| 

.. 19 

28 

21 

80 

270 

22 

31 

78 


4 

2 

4 

20 

60 

8 

6 

68 

H, 

.. 5 

— 

— 

— 

— 

— 

16 

10 


More recent investigation, while not confirming these 
analytical results in detail, has only served to emphasise 
the complexity of the gaseous mixture. Thus Damiens 39 
states that the carbides of the cerium group yield acetylene 
and allylene as the chief products, along with small quan¬ 
tities of ethylene, ethane, and their homologuee, a little 
hydrogen, but no methane; while the carbides of thorium 
and uranium 38 give, as chief products, hydrogen, methane, 
ethane, propane, butane, and, in addition, ethylene and its 
homologues and some acetylene. The liquid hydrocarbon- 
prodqbts do not seem to have been carefully examined, but 

Qompt . rend., 1911, olviL, 214, 

” LebMU and Dsinlw, CempL rend., 1912, olvt, 1967. 
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it is stated that two-thirds of the carbon of uranium carbide 
passes into this form and the liquid boils from 70 to 200°, 
leaving a bituminous residue. 34 

The carbide of iron is hardly attacked by water, in the 
absence of air, below 100°; it is, however, completely soluble 
in hydrochloric acid and the gas evolved contains 92 per 
cent, of hydrogen, the remainder being a hydrocarbon- 
mixture of the mean density of pentane. 35 According to 
the more accurate determinations of Campbell, 35 the gas 
given off contains 84 per cent, ot hydrogen und the remain¬ 
ing 10 per cent, consists ot paiutiins and oleiines, 40 per cent, 
of the carbon in the carbide passing into the liquid products. 
Mendeleeff 37 states that the liquid hydrocarbons derived by 
dissolving the crude carbide (pig iron) in acul are similar 
in taste, smell und reaction to natural naphtha, and Hahn 
and Clues identified among the unsaturated hydrocarbons, 
produced in this mnnner, ethylene, propylene and butylene, 
by conversion into tlieir addition compounds with bromine. 

The extraordinary difference in behaviour exhibited by 
the carbides in their reaction with water and the unexpected 
complexity of the products, in many coses, have arrested 
the attention of several chemists Berthelot 38 has shown, 
from the thermal study of some of the reactions, that the 
composition of the gases evolved corresponds to the greatest 
loss of heat, or, in other words, that the reactions are in 
accordance with the principle of maximum work. This 
result, interesting though it is, does not give any explana¬ 
tion why such differences should exist; for that we require 
to know something of what, for want of a better name, we 
may call the constitution of the carbides. This term must 
be understood as referring rather to the existence of certain 
atomic groupings in the molecule, than of structure conform- 

" MoUmh, Compt. rend., 1896, oxxit, 274. 

“ MyUos, Foenter sad Sohoene, Bar., 1896, xxix., 2991. 

" Csmpbsll, Amer. Ghent. Joum., 1896, xrUL, 886. 

* Mendetteff, Principle* qf Ohmietty, voL L, p. 866. 

"BerUwM, Oompt. rend., 1901, cxxxii., 181. 
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known hydrocarbon, C 9 I1 1B - The primary decomposition of 
this hydrocarbon might take place in three ways, giving 
C„H« + 3H a '; C a H 4 + 4H a , and C a H a + 6H a , the corresponding 
yields of hydrogen being 75, 80 and 83 per cent, by volume. 
The yield found in Campbell’s experiments iB 84 per cent.: 
but this agreement is certainly accidental, as it takes no 
heed of the liquid products, nor of the possible production 
of hydrogen by the decomposition oi the firBt-liberated 
hydrocarbon. 

Continuing this line of argument, it is evident that the 
constitution of the three similarly-composed carbides, CuC 3 , 
CeC a and ThC s , is not the same, for the uction of water 
yields oxides (or hydroxides) of different composition, via.: 
CuO, Ce a () 3 , 41 ThO a . Allocating equivalent amounts of oxy¬ 
gen and hydrogen to the metul and carbon respectively, 
the three carbides thus appear as derivatives of the hydro¬ 
carbons C a H a , C a H 3 und (' a H 4 ; the decomposition of the lost 
two would be capable of furnishing the complex mixture 
which experiment shows to be the result. Similar reasoning 
would apply in the case of uranium carbide, U a C a , which 
yields the lower, green hydiuted oxide when decomposed by 
water in absence of air. 43 

These results, sketchy and inconclusive as they neces¬ 
sarily are, by reason of our limited knowledge of the 
reactions of the carbides, yet indicate that, with fuller 
knowledge, substantial progress may be made in what, at 
first sight, appears an unpromising subject. The recent 
studies of the action of nitrogen on some of the carbides, 
besides being of immense importance from the point of view 
of the utilisation of atmospheric nitrogen, have also bearings 
of theoretical interest, as indicated above, and they hold out 
the promise that other reactions of the carbides will be dis¬ 
covered which may help to unravel the problem of the con¬ 
stitution of these compounds. 

Damiens, Oompt. rtiui., 1911, olvii, 214. 

" Moisnn, Oompt, rmd., 1896, oxxii., 274. 
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THE INDUSTRIAL FIXATION OF NITROGEN 
A FEW OBSERVATIONS ON THE HABER PROCESS 

GEORGE W TODD Hi, D8c 

* The fundamental import agge of combined nitrogen in 
agriculture baa been fully recognised for a long time, and 
the late war brought into special prominence its importance 
in munitions Nitrogen is an essential constituent of all 
vegetation) and the production of food depends greatly on 
its appl&iwtion to the soil in forma easily assimilated by 
plants Ihe evei increasing demand for fertilisers (the 
consumption roughly doubling every ten yean) has necessi¬ 
tated additional sources of supply Investigators have 
naturally turned their attention to the possibility of draw¬ 
ing upon the practically unlimited supply of atmospheric 
nitrogen 

One of the most interesting and meet promising methods 
for the fixation of atmospheric nitrogen is the Haber pro* 
cess In this process the synthesis of ammonia from its 
elements is effected by passing a suitably p ropor t ioned mix¬ 
ture of nitrogen and hydrogen at high pressures—100 to 200 
atmospher e s o v e r a catalyst A small percentage of the 
gases, depending on the conditions of working, is converted 
into ammonia which may be removed by absorption m 
water or acid or by condensation at low temperature The 
proces s is continuous—the unconverted gases being returned 
into the circulatory system with a further supply of the 
mixed gases Many different catalysts effect the synthesis 
bat each demands its own conditions of temperature pad 
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Tlie Haber process is capable of producing' ammonia 
and ammonium sulphate at a low cost and the power 
requirements per unit of nitrogen fixed are much smaller 
than those of any other fixation process. The outstanding 
item in the production oosts of synthetic ammonia is hydro- 
•gen of the requisite purity. 

The reaction taking place between the mixed gases may 
be represented thus:— N t + 311 

The velocity of the forward reaction => K [N>] [H,]\ 
ii ii ti backward ^ * li [Ntij]. 

the brackets signifying concentrations. At equilibrium 
these velocities are equal, 

r “ T^lrtr iT"* constant for a particular temperature 
"i L fl «J L-“jJ 

Haber has experimentally determined this equilibrium 
constant at many different temperatures and concentrations. 
Defining the equilibrium constant in terms of the partial 
pressures of the gases as 


K 


P 


"H, 


£ X 


he finds that 


* 


13200 
4-671T 


logw K ■■ -j^TTfi— 6*134. 
T being the absolute temperature. 


If the percentage of ammonia is small and the total 
preesure is one atmosphere we may take (in a mixture 
N.+3H,) 

*».-(?)** (|)*xk-<m*£ 

p MBt being in atmospheres. 

Hence if E is the equilibrium percentage of Mmnenit, 
we have at one atmosphere 

, 13200 ** 

logS*B m '-fgfjijr — 4*622. 
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This expression agrees well with the figures for one 
atmosphere in the following table due to Haber. 

Tabu (Haber. Z.Eleotrooh. 20.000.1914). 


t* c. 

Pm omt HH tn •qatUttfam it pnMom 

! 

a 


1 

90 

100 

8 

200 

15*3 

67*0 

80*6 

80*8 

900 

8*18 

31*8 

53*1 

62-8 

400 

0*44 

10*7 

20*1 

86*3 

000 

0*189 

3*63 

10 4 

17*6 

000 

0*049 

1*43 

4*47 

8*20 

700 

0*0223 

0*66 

2*14 

4*11 

BOO 

i 0*0117 

0*36 

1*16 

2*24 

900 

0*0009 

1 0*21 

0*68 

1*34 

1,000 

0*0044 

0*13 

0*44 

0*87 


The numbers in the above table are shown plotted in Fig. 1. 

We can see at a glance from Fig. 1 what to expect from 
a given catalyst. In the known large scale Haber plants 
iron alloys are used as catalysts. These are only active at 
high temperatures, say in the region above 600° C. Work¬ 
ing at a pressure of 200 atmospheres should give at best 
only 8‘2 per cent, ammonia in the mixed gases. The diffi¬ 
culties of working increase enormously as the pressure is 
increased. It therefore seems desirable to look for low 
temperature catalysts. A catalyst working at 400° C. would 
, give the same yield at a pressure of only 20 atmospheres and 
the plant could be simplified and be made much safer to 
work with. One or two low temperature catalysts are known 
but apparently they become poisoned and therefore inactive 
by the most minute traces of impurities in the mixed gases. 
Very little research however has been done in this direction. 

Now a few remarks on the recovery of the ammonia. 

The ammonia produced in the catalyst bomb is usually 
taken away from the mixed gases by absorption. Condensa¬ 
tion by cooling offers some attractions. By simple calcula¬ 
tions from the saturated vapour pressure curve of liquid 
ammonia it is possible to determine what percentage of 
ammonia present in the mixed gases will be condensed at 
various temperatures and pressures. I have made these 
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calculations for four different pressures and the results are 
shown in Figs. 2 and 3. The graphs show what amount of 
refrigeration is necessary to yield any desired percentage 
of the total ammonia present at any of the four pressures 
taken. 

If it were possible to employ a low temperature catalyst 
the merits of removal by condensation would he very much 
greater. Take an instance. Fig. 1. shows that a 400° C. 
catalyst gives a total ammonia content of nearly 16 per 
cent, at the low pressure of 50 atmospheres; and Fig. 3 
shows that nearly 90 per cent, of this ammonia would be 
condensed out at -10° C. only. 

The reaction N a + 3H a 2NH, is exothermic. For 
every grammolecule of ammonia formed at ordinary 
temperatures 12,000 calories are given out. The heat of 
formation increases with temperature. There ia thus the 
possibility of making the process auto-thermic, the tempera¬ 
ture of the catalyst being maintained by the exothermic 
reaction. This point has not been seriously considered. 
By means of a suitably designed catalyst bomb the out¬ 
flowing gases could be made to beat the inflowing gases and 
the temperature of the catalyst could be maintained con¬ 
stant by regulating the rate of gas flow. With a low 
temperature catalyst and consequently a greater yield of 
ammonia I have no doubt that the process would be more 
than autothermic. There would be energy to spare and the 
cost of production of synthetic ammonia would be veiy 
considerably reduced. 

The figures in the text have been reproduced from 
“ Physical and Chemical Data ol Nitrogen Fixation ” 
(H.M. Stationary Office) with the kind pennission of the 
Munitions Inventions Department. 
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EXPERIMENTS ON THE PLOW OF GAS AT LOW 
PRESSURES THROUGH CAPILLARY TUBES. 


OEOKUK W. TODD, M.A., D.Sa 


It was Clerk Maxwell w'ho deduced from the Kinetic 
Theory the law that within wide limit* of pressure the 
viscosity of a gat* is independent of the pressure. The law 
has been verified by numeiousexperiments. When, however, 
the pressure is reduced until the mean tree path of the gas 
molecules approaches the dimensions of the measuring 
apparatus, a rapid falling off in the viscosity coefficient 
takes place. 

Enudsen fAnn. d. Phys. 28. 76. 1909) on the basis of 
the Kinetic Theory has deduced an expression for the rate 
at which gases at extremely low pressures flow through tubes, 
the free path being great compared with the tube diameters. 




to ftumft k 

gauge 


The two lows of gas flow through tubes—at ordinary 
pressures and ut extremely low pressures—are very different. 
Neither law expresses the fads in the intermediate pressure 
region. It should be possible to deduce from the Kinetic 
Theory an expression for the flow to cover the whole range 
of pressure. 

The experiments desenbed in this paper were carried 
out with the object of finding an empirical expression for 
the flow of a gas through a tube winch would represent the 
facts for all pressures. 
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The principal part of the apparatus is shown diagram- 
matically in Fig. 1. Y, was a glass vessel of 164 c.c. 
capacity up to the wide bore tap T. V a was another glass 
vessel connected to a Toepler pump and a McLeod gauge. 
A capillary tube of known dimensions connected the two 
vessels. Since the smallest leak would render the results 
useless the connections throughout were of glass. Tap T 
having been open long enough for equilibrium, the pressure 
P x throughout the apparatus was read on the gauge. Then 
the tap was closed and the pressure in V a reduced to a 
value A. Next communication was made for a definite 
time t , measured with a stop-watch, the pressure in V 3 
rising to a value B. Finally the tap was opened again and 
left open until the equilibrium pressure P was reached. 

We have P(V 1 + V t ) = P^ + P,V,.(1) 

If the volume flowing per second from Vi is v i9 and 
the volume flowing per second into V a is v 2i then 


Also 


so that 


or 


p-_ p J 

p,n ‘ p '* , ‘“ ' *■ • 

where l ■ length of capillary 
a = radius „ „ 

v = viscosity coefficient. 

* ( 


Ps^v, 


p ft -v,^ 


dt = y. 


t 


dP, 

vfc 


P|“B 

J rE 


H-A 

Substituting from (2) gives 


t ■■ 


r dp. 
r. p^rp— 

J != . -* *a* 




( 2 ) 


(3) 


( 4 ) 






ID 


But from (1) 


P(V, + V.) - P.Y. 


therefore 


T r B _^p« 

A 


P-A 


v r-yI _B ! 


ttkere 


A *» initial pressure 
B » pressure after time t 
P ■“ final pressure 

_ Pi “ P u _i__ t> • :j 


i-A 


in vessel V, 


Since V, =■ p L _ ^ V„ where P, is initial pressure in V„ we 
may write equation (6):— 

. 8 / ij Y» Pi — P 

* lw A 

((P - A) P(P, - A) - B(P» + A - 2P)i 
log ' i (T^TB) P(P, - A) -n<FT+r-2F)f * ’ (6o) 

whence we get ij from the experimental data. 

The volume V, was constant throughout the experiments 
and equal to 164 c.c. In moat of the experiments Vj was 
riightly less than y, and varied with the height of the 
barometer since it was in communication with the Toepler 
pump. 

The mean pressure during a flow can be shown to be 

KP, + A)-J1P,-«{A-B) + B} 
where «-V^V,« (P, - P)/(P - A). 

No account was taken of temperature variations, all 
experiments being carried out at room temperature. 

The results are given in the fallowing tables 



11 


Lmgth of tubeaaiS 69 om Rodina of bans 0 0180 om 
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Length of tQboss3'7S on. Radio* of bon =0*0101 om. 


Pi cu. 

A am 

B am 

Pam 

two 

Xm 

PfM. 

V 

0 400 

0*036 

0*086 

0*221 

600 

0*210 

0*0000749 

0*221 

0*033 

0*062 

0 130 

000 

0*128 

0*0000504 

0130 

0*010 

0*040 

0*072 

1 *200 

0*071 

0*0000287 

0 070 

0*0165 

0*030 

0*046 

1,800 

0*045 

0*0000236 

0*040 

0*0070 

0*0160 

0*027 

1,860 

0,027 

0*0000112 

0*0270 

0*0024 

0*0075 

0*0145 

1,800 

0*014 

0*0000081 


Length of tube = 60*2 am. Kediui of bore = 0*0417 om. 


Pi cm A am B cm P on* 
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The results in the above tables a re shown graphically 
in Figs. 2 and 3. Examination of the curves for air (Fig 
2) shows that the viscosity of air flowing along a tube of 
circular cross-section ia a function of the product of mean 
pressure into the diameter, if « <f> (yd). 

Evidence for this is given in the following table which 
has been taken from the curves in Fig. 2. 



Am. 


,XlO* 

pd x IP for lobe* of dfcoutor.— | 

*2130 am 

VM cm 

0134 am 

0372 am 

nmarn. 

St 

0 

mm 

mm 

mm 

8 

4 

13 


■« 


18 

6 

S3 

27 

■9 

28 

30 

8 

43 

43 

41 

43 

47 

10 

68 

04 

06 

07 

70 

IS 

103 

100 

no 



14 

100 

100 




















16 


Thus the relation between viscosity mean pleasure ind 
tube diameter can be represented by one continuous curve 
For air the curve » shown m Iig 4 

As to the form of the function 4» in the equation y p = <*> ( pd ) 
the curve in Fig 4 suggests the relation rf p « ^ (1 — $ *H) 
where v. is the vflteosity at high pressures and k is a 
constant This equation only roughly fits the curve It 
can be made to fit more exactly by adding terms to the 
exponent of e At high pressures the expression becomes 
y p *or rj m while §t very low pressures it becomes y p **y m kpd 
Let us compare this with Knudsen s formula 
h or extremely low pressures Knudsen gives fm the flow 
along tubes the expression 

- T Py “ i PV.-dSOB J\ "I (P.-P,, 


where P is in dynes T is at solutely temp M is molecular 
weight of the gas d is the tube diameter and l is the 
length of the tube It follows that 


V, 


<*P, 

it 

F|-B 


therefore 


t r 

u Jr=\ 

Pi A 


■4( p - p «> 


- * t 

,e i 1 


where e - const 


. . .. V,V *. 

which the same as y-^-y / p _rp~ e — 1 


whence 


tam t V,V , P-A 

V"+'VT ,0 * JP-TB 

Now equation (5) is t - T~+V, lofir * P B 

(when Vi and V, are equal P is mean pressure) 

8ince at yery low preuure y, ■* y m h P d we may write 
. i) hi YfVi | P~ A 
V7+VT 1o *‘T^b 


which agrees with Knudsen s ezpressson if e m 


1% 
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THE INFLUENCE OF ELECTSIC POTENTIAL UPON 
THE VELOCITY OF FERMENTATION. 

By 1C. C. POTTEB, So.D., M.A. 

[Head 14th March, 1016.] 

In a previous paper 1 it has been shown that a rise 
of potential amounting to as much as ‘3 to *5 volt is pro¬ 
duced by yeast when growing in an ordinaiy fermentable 
liquid, and a correspondng E.M.F. is developed during 
the decomposition of organic matter by bacteria. One of 
the problems suggested during this investigation was the 
possible influence of this rise of potential upon the 
velocity of the reaction. Would fermentation or putre¬ 
faction proceed more tapidly, or the reverse, if the nutnent 
media were connected with the earth and thus maintained 
at sero potential, or would the velocity of these reactions 
be accelerated or retarded when they take place m 
insulated flasks? in other \\ords would the vital activity 
of an organism be affected by the variations of the 
, potential level of the medium in which it is living, in a 
manner corresponding to such stimuli as light or tempera- 
true? 

An investigation to decide this point has been carried 
out by a comparison of the rate of fermentation of glucose 
by yeast in a flask carefully insulated or raised to a 
definite potential, nith that in a flask in which the 
gluoose was earthed. It will be understood that two 
similar flasks were employed, each containing the same 
amount of the fermenting media and the same quantity of 
yeast, and that both were maintained under precisely 
similar external conditions; and it will be observed that 
only a differential result between the two flasks is required. 

'Proceedings of the University of Durham Philosophical Society, 
vol iii„ 19IC. 
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The problem of • estimating the velocity of alcoholic 
fermentation has engaged the attention of many investiga¬ 
tors, and various methods have been devised to measure 
this velocity. The method chiefly relied upon in this 
research has been the evolution of the CO at and the 
methods indicating the rise of temperature and the rate 
of the disappearance of the sugar have also been employed 
for the purpose of confirmatory tests. 

The Evolution of C0 9 . 

In estimating the velocity of fermentation by the 
amount of CO a produced m a given time, a modification of 
Stator's 1 method was adopted in the present investiga¬ 
tion. In Stator's method the fermenting sugar is con¬ 
tained in a flask maintained at a constant temperature by 
means of a thermostat; from the flask an india rubber tube 
leads to a manometer. The velocity of fermentation is 
then measured by the amount of CO a evolved during a 
given time, as evidenced by the pressure registeied by the 
manometer Before each reading is taken, the ferment¬ 
ing liquor is vigorously shaken by the hand, to liberate 
the entangled bubbles of gas. 

In this research the apparatus was specially designed to 
avoid shaking by the hand. As the velocity of the fermen¬ 
tation is being measured bv the CO a generated, and the 
determination of pressure is involved, it is exceedingly 
important that all parts of the apparatus employed should 
be maintained at a constant temperature. A Hearson's 
incubator wjas employed, working at a temperature of 23°C. 
Inside the incubator a wooden frame was fitted, the top 
bar carrying an iron rod from which the two flasks contain¬ 
ing the fermenting liquid could be suspended. The iron 
rod was sufficiently long to project through a detachable 
wooden doot, fitted to the incubator, and to this end a crank 
was fastened. This crank was ]oiued by means of a con¬ 
necting rod to a ci&nk driven by an electric motor. 

In this way the fermenting liquid could be evenly and 
vigorously shaken, while being maintained at a constant 

• Journal of tha Chemical Society, vol. lxnix., 1906. 

« 
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temperature inaide the incubator, and the risk of error in 
the manometer readings through handling the flasks was 
thus avoided. 

The mouth of the flasks containing the fermenting 
liquid was closed by a rubber stopper perforated by two 
holes, one for the introduction of an electrode and the 
other for the insertion of a glass tube. The electrode was 
formed of a short length of platinum win soldered to a 
copper wire and fused into a glass tube as described in a 
previous paper. 1 The glass tube was connected by a thick- 
walled rubber tube, passing through a perforation in the 
detachable door, to the manometer; the manometer being 
attached to the outside of the detachable door of the 
incubator. The whole of the apparatus could be readily 
removed and replaced in the incubator. 

It will be clear from the above description that up to 
this stage the conditions an the same for the two flasks. 
It now remains to show how one could be insulated, while 
the other could be earthed or nised to a definite potential. 
For the purpose of insulation, ebonite plates wen fitted 
round the necks of one of the flasks befon it was clamped 
in position, and in the length of rubber tubing connecting 
this flask to the manometer a short length of ebonite tube 
was inserted. To tost the insulation an electrode from this 
flask was connected to a gold leaf electroscope. The 
electroscope was found to remain charged for some hours, 
showing that the leakage of electricity could be neglected. 

To raise the othei flask to a definite potential or to 
connect it to earth, a short glass tube sufficiently long to pan 
through the detachable door of the inoubator was firmly 
fixed to the wooden frame. Through the centre of this 
glass tuba a copper wire was fixed by means of paraffin. 
The end of the wire projecting into the interior of the 
incubator was attached by means of a coiled brass win to 
the electrode of the flask while the exterior end could be 
connected to a battery or to earth. 

The general method of procedure was to set up the 
wooden frame and flasks, and to place it, together with a 

1 Proceedings of th« Boys! Soeuty B. t vol. lxxxiv., 1911. 
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flask containing the glucose solution, inside the incubator 
for a sufficient length of time to allow the whole 
apparatus to assume the temperature of the incubator. 
When starting the experiment a weighed amount 
of commercial yeast was added to a definite quantity 
of the glucose solution and stirred until the yeast* 
cells were all separated from each other. By means of a 
pipette an equal quantity of this yeast-glucose was placed 
in each flask, and also an equal quantity of glucose solu¬ 
tion. Generally the proportion for the yeast-glucose was 
10 grams of yeast in one 100 c.c. of a 10 per cent, glucose 
solution. As quickly as possible the necessary connec¬ 
tions were then made, the motor and crank connection set 
in motion and the flasks shaken within the incubator. 

The rubber tubes from the flasks were connected with 
the manometers by means of a three-way tap, so that the 
pressure could be reduced to that of the atmosphere after 
each reading. 

As a typical example of several experiments 180 c.c. of 
a 10 per cent, solution of glucose was placed in each flask, 
and to this was added 20 c.c. of the same solution contain¬ 
ing 20 grams of yeast. Thus each flask contained 200 c.c. 
of a 10 per cent, solution of glucose, together with 20 
grams of yeast. 

In Table I. is given the readings from a typical experi¬ 
ment. Column A gives the times at which the readings 
were taken, namely every five minutes during two and a 
quarter hours. Column B gives the pressure developed in 
centimetres of mercury during each five minutes. It is 
seen that during the first ten minutes the pressure is 
higher than during the succeeding intervals, but that after 
that time the pressure developed during the succeeding 
intervals is uniform within the limits of experimental 
error. Column 0 gives the pressures (1) when the flask was 
earthed; these agree with the corresponding readings in 
column B, except that the last readings are one millimetre 
below those in column B, (2) when the fermenting liquid 
was raised to 210 volts positive; the readings are throughout 
one milimetre less than the corresponding readings in 



20 


column B, and hence it may be inferred that raising the 
voltage to 210 volts positive does not effect the rate of 
fermentation, (3) when raised to a voltage of 210 volts 
negative; the figures in B and C again agree, and thus 
when raised to this voltage the rate of iermentation remains 
unaltered. A continuation ot the experiment merely con¬ 
firmed the previous results. 


A . 

Tabus I . 

B . 

0 . 

10-26 

10*31 

1*2 

1*2 

10*36 

1*4 

1*4 

10*41 

0*0 

0*9 

10*46 

1 

0*9 

10*61 

1 

0*9 

10*06 

1 

0*9 

11*1 

1 

0*9 

11*6 

1*1 

1 

11*11 

I 

1 

11*16 

1*2 

1*1 

11*21 

1*2 

1*1 

11*26 

1*2 

1*1 

11*31 

1*2 

1*1 

11*36 

1*2 

1 1 

11*41 

1*3 

1*3 

11*46 

1*2 

M 

11*01 

1*2 

1*1 

11*06 

1 

1*1 

12 1 

1*1 

1*1 

12 6 

1*2 

1 1 

12*11 

1*2 

1*1 

12*16 

1*1 

1*1 

12*21 

1*1 

1 

12*26 

, 1*1 

1 1 

12*31 

1*2 


12*36 

1*1 


12*41 

11 


12*46 

1 1 

0*9 

a 1 .— In oolumn A is given the timee at which i 

were taken. 

In B , the control flat » k , 

the prceat 


each succeeding five minutes In C, the second flask, the pressure 
developed during the same intervals of time when this flask was 
earthed or raised to a potential of 210 volts, alternately positive 
and negative The pressures are given in centimetres of mercury 


Rise of Temperature. 

In estimating the velocity of fermentation by means of 
the rise in temperature, special precautions are necessary to 
gaard against any varying conditions which might give 
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rise to fluctuations of temperature. In these experiments 
silvered Dewar’s flasks were employed. They were further 
protected by being placed side by side in an Hearson’s 
incubator or suitable box for several hours, so that they 
should assume the same temperature. 

The general procedure adopted was to prepare a 
sufficient quantity of a 10 or 15 per cent, solution of 
glucose, to add the yeast previously disintegrated in 
water, and then to thoroughly mix by repeated pouring 
from one vessel to anothei. Kqual quantities of this mixture 
were then pouted into the Dewai's flasks, which were 
insulated by ebonite or paraffin,’ one of these was 
earthed by means of a platinum electrode, while the other 
by a similar electrode could be earthed or raised to a 
known potential. Any difference in temperature was 
measured by means of standardised mercurial thermo¬ 
meters, and also by a 1 hermopile and galvanometer. Within 
the limits of experimental error the rise of temperature in 
these flasks was the same, and no clear indication could be 
obtained that the fermentation proceeded more rapidly in 
the flask maintained at zero potential than in the one 
raised to a definite potential. 

Rate or Disappearance or the Glucose. 

Using all the precautions as in the experiments just 
described, the rate of the disappearance of the glucose 
was determined by means of a Schmidt and Haensch 
polarimeter. Measured in this way the rate of fermenta¬ 
tion was the same in the earthed flask and the one raised to 
a definite potential. 

All these experiments were repeated on several occa¬ 
sions, and were found to be in close agreement, and it may 
be inferred that the low voltages, 210 volt., such as that 
employed does not influence the velocity of fermentation. 
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ON A CHARACTER! STIC PROPERTY OF THE 
TIDAL STREAMS OF THE STRAIT OF DOVER. 

By O It QouxmouoH, D Sc , FftAB 

S I. As a result of tlie exhaustive observations of the tidal 
currents of the English Channel bj Admiral Beechy, 1 it is 
shown that the Channel can be divided up into separate 
areas according to the character of the motions of the tidal 
currents therein: 

A. The area bounded by lines joining the Start, 
Casquets, point d’Ailly and Beachy Head. “ In this area 
the whole body of the watei moves eastward towards the 
North Sea whilst the tide is rising at Dover and westward 
when it is falling there.”* 

B. The area bounded by lines joining the North 
Foreland, the Leman and Owen lightship, the Hook of 
Holland and Dunkerque. “ In this area the whole body 
of wa^er moves south-westward towards the English Channel 
when the tide is rising at Dover and eastward when it is 

' falling there.”* 

Between these two areas there is the Strait of Dover. 
The effect of the oscillating area on each side is to 
produce a more complicated motion in the Strait. It is 
observed that there is a definite line of "junction of the 
tides ” or " separation of the tides ” which moves from the 
western to the eastern boundary. At this line there is no 
current, and so definite is it that Beechy reports that two 
ships riding at anchor one mile apart were found to have 
their heads in opposite directions. This line is found to 
take the following positions: a 

(I) Line joining Beachy Head and point d’Ailly—6 hours 
before and 1 hour after high water at Dover. 

it + 

1 Phil. Tran* , vol 141, p 70S 

* Tide* and Tidal Stream* of the BritUh Itlandt, pp 13,18 

a Ibid n 8 S 
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(2) Lina joining Hastings and Tr6port—4 hours before and 
2 hours after high water at Dover. 

(8) Line joining Dungeness and Quentin—3 hours before 
and 3 hours after high water at Dover. 

(4) Line joining Folkestone and Boulogne—2 hours before 
and 4 hours after high water at Dover. 

(6) Line joining South Foreland and Calais—1 hour before 
and 5 hours alter high wnter at Dover. 

(6) Line joining North Foreland and Dunkerque—high 
water at Dover and 6 hours after high water there. 

These observations! give the time in round figures. It is 
clear that the recurrence should be, for the semi-diurnal 
tide, after G hours 12} minutes and not 6 hours exactly. 

Beechy’s observations also show that there is practically 
no transverse motion of the water in the Channel: it may 
be taken as wholly longitudinal. 

# 2. We have therefore to explain first, the existence of such 
a definite no-current line; and second, its rate of movement. 
The explanation generally offered is that the definiteness 
is due to the constriction of the Channel at Dover. The 
following analysis proves that this explanation is correct. 

Consider the long waves foimed in a canal of slowly 
varying section. Take the axis of m along the direction of 
the canal and let A(«) be the area of cross-section, and &(*) 
the breadth of the surface, both taken normal to the «-axis, 
at the point «. If v is the height of the surface above the 
undisturbed level, and £ is the horisontal displacement 
of the particles in the vertical plane through «, both at time 
t, then 1 


1 6 
v “ £(*) 8x 


{A(*)£} 


On eliminating y between (1) and (2>, 


( 1 ) 

(S) 

( 3 ) 


1 1+amb Hydrodynamic*, Fourth Ed , p 947. 
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If the canal haa a constant mean depth h , then 
A (x) = hb(x). We shall assume that the Strait of Dover 
corresponds roughly to a curve defined by = sec*x/o, 

b and a being constants. Then, on putting u = and 


A (x) u = v, we have 

IPv , .sr 6 T 1 


(4) 


The canal veure considering connects two independently 
tided seas. We shall suppose the oscillations of these seas 
can be expressed in the form 

u = V sin <rt + U cos at, where a = 2*- 12 hours 26 minutes. 


Assuming then that we have simple harmonic vibrations 
in the canal, we find, as the solution of (4) 

v s sec ae/a [{A sin *x/a + B cos #cx ; 'a}sin ot 
+ { C sin Kx { a + D cos KX,a}cos <rt]; 
or u *= cos xja [{A sin *xla + B cos Kxja}sin at 

+ { C sin *x/a + D cos Kx/a}cos <rt], . (5) 

where ^^arVjgh + 1 , A, B, C and D being arbitrary constants. 

In the application of these iesults to the tidal phenomena 
of the Strait of Dover, it will be necessary, in order to give 
a closer representation, to choose portions of the two curves 
b(x) = 6 sec* xja and b'(x) = b sec* xja. The origin will be taken 
at the narrowest part, where the breadth is b; the first 
curve will represent the easterly portion of the Strait and 
the second, the westerly. 

The current in each part will be determined by an 
equation of the form (5). To this must be added the con¬ 
dition that at the origin 9 and « must be alike for both 
portions. 

From ( 6 ) aud (1) we find 

? * {sin x/a (A sin *x/a + B cos «x/a) 

+ * cos x/o (A cos *xfa — B sin kx/o)} 

sin jj 

— {sin se,'a (C sin *se/a + D cos «.r/a) 

+ * cos */a (C cos Kz/a — D sin «z/a)} . 


( 6 ) 
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Suppose that unact ented letter* refer to the positive pan 
of the canal and accented letters refer to the negative part. 
Then the conditions at the origin are 
B«B',D = D, 

*A *'A' *C k'C' 

« ® . > . * . \‘J 


Also, let the junctions with the seas be at x «• l and 
Then, when * = i t u = V sin <rt + U cos at, and when 
X =* — 1', u = V' Sin at + U' COS at. 


Hence the further equations of condition are: 
cos 1/a {A sin idja + B cos «!/a} ■= V, 
cos Z/a{ C sin id/a + D cos xi/aj = U, 
cos l'/a'{- A' sin «T/o' + B'cos «T/a'} = V', 
cos l'/a' {— C sin x't'/a' + D cos xT/o' J ** TJ'. 

These can be directly solved for A, B, C, D, A', B', C‘, D' in 
terms of V, U, V', XJ. We find then: 



A *=a*|V sec Ija cos x IV — V' sec l la cot *l/aj — d, 
A' » a'xA — as, 


B' =B = {ax'V' sec l'/a' sin xl/a+a «V sec 1/a sin <T/a'} —d, 
C ■» a*' {XJ sec l/a cos xT/a' — U' sec l'/a’ cos *l/a} -r- i, 

C' = Ca x — ax', 

D' =D = {ok'TT' sec l'/a sin xl/a+a'xU sec l,a sin xTa'} —d, 
d ax ax' sin xl/a cos xT/a' + a'* sin x'l'/a' cos xl/a. 


>< 8 ) 


The vanishing of d can readily he shown to be the con* 
dition of resonuuce. 

jj 3. The travelling line of no-ourrent exists as a common 
property of all long waves in one dimension. For example, 
in the case of a single wave propagated in a straight canal 
ot uniform depth and breadth, we may take 

u = P sm (at — hi), where <rk = >/(gh) . . (9) 

The current is aero along the line kw=. of, which moves with 
the speed of the wave. In general, however, this is only 
recognisable as a period of “ slack water,” which is vaguely 
bounded both ii} time and space. Its definiteness depends 
upon the magnitude of 6u/&r, gi eater values of this deriva* 
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tive giving- greater precisian to the position of the line. In 
the case of (9) ;=—AP, when kx—ot. We may 

compare this with a simple wave travelling along the canal 
of variable breadth dealt with in $ 2. This wave may 


be taken as 

#*P' cos xja sin(<rt — xxja ). (10) 

In this case SujSx »» — P's/o • cos xja, . (11) 


when <rt = Kxja. 

In both cases the arbitrary constants are determined by 
the given value of u at some distant point. Hence P and 
P' cos x(a, where x is large but less than va/2, will be of 
approximately the same value. So that P ; will be greater 
than P. And &uj&x for the second case will be the greater 
especially when the line of no-current is not fat from the 
origin. Equation (11) also shows that as x increases the 
line diminishes in definiteness. 

It is clear then, that if the Strait of Dover can be 
approximately represented by secant curves in the manner 
indicated, the pronounced no-current line will follow. It 
remains to examine the point numerically, to see if approx¬ 
imate agreement with observation results. There are, 
however, one or two interesting properties of the wave 
motion, as given by (5) and (6) worth mentioning. 

I 4. From equation (5) the no-current line is given by 
cos ac/a 0, or 

tan ■■ — {C tan *xfa + D) -f- {A tan, w/a+B}. (12) 

The first equation must be discarded as it is satisfied 
first by x/a «= r/2, which would imply that the canal extended 
to infinite breadth. The second equation may be written 
alternatively, 

tan xx /<* = — (B tan + D) -r (A tan <rt + C) . (13) 

It is readily shown from either (12) or (13) that for 
every value of x there is a corresponding value of t and 
vice-versd. Hence there is no part oi the oonal in whioh 
the no-current line does not appear at some time. Also, if 
is a solution of (13) corresponding to a v%Lue oi t, then 
also Mg+nwa/x is a solution, where n is any integer. Thus 
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the no-current lines follow eaoh other at a distance *■<»/*, 
or half a wave length. Similarly if a certain point is oo 
the no-current line at time t lt it will again be cm the 
. nOKiurrent line at time tj + rv/tr or, after a multiple of the 
half-period. 

The velocity of a no-current line is 

(14) 

The sign of this quantity depends upon the constants 
A, B, C, D, and finally on the sign of (BC—AD), the 
remaining factors being positive for all values of t. In 
other words, the direction of motion of the no-cnrrent line is 
fixed by the constants of motion of the oonnected seas. 
We assumed before that at the limits of the canal, 
u as V sin at + U cos at, 
and u' a* V' sin at + U' coa at. 

If these vibrations are in the same phase, by a suitable 
change of the origin of the time, we can make either 
V = V'=-0, or U = U' = 0. Reference to (8) shows that in 
the first case, A = B=0, and in the second, C—D=0. In 
either event the value of BC—AD is sero. Again, if the 
boundary vibrations ore in exactly opposite phase, it could 
be arranged similarly that either V = V'^O, or TJ = U'**0. 
So that a moving no-current line only appears when a phase 
difference other than a half period exists. In the sero case 
(13) shows that tan *zja as - B/A or — D,C. We have then 
in the canal a standing o<*cillation. 

The velocity at a short distance &s from a no-current line 
is given by 

u«r«/oir oos z/a sec **'« cos ot(BC—AD)-h(A tan «e/o+B) (16) 
In this formula » and t are related by (12) or (13). 

If m and t are fixed in value, u changes sign with tx. 
Hence the currents approach the sero line from both sidee 
or lecede on both sides, ns might otherwise have been shown- 
This exhibits the nautical statement of the “ meeting ” and 
“ separating ” of the tidal current*. 

As has already been shown, the no-current line will be 
at a point « at time t and again at time t+ *fa. Hence, 


aa (BO — AD)sec* at 
k (A tan at + CV+(B tan ai 
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owing to tbe presence of the factor cob <h in (16), if « 
has a certain sign und value at a distance fa from the 
no-current line at a point x and time t, it will have the 
opposite sign at the same place for the next return of the 
no-current line which occuis at time t + m. That is, if 
the currents approach the no-current line as it passes 
through a given point, they will recede from the next 
110 -current line which passes that point and vice-versa. 
This is in agreement with the observations quoted in § 1. 
At the first stated time the tidal streams are said to 
“ meet," at the second time they " separate." 1 

Application to the Phenomena of the Strait of Dover. 

8 5. In applying the preceding results to the tidal move¬ 
ments of the Strait of Dover, one must determine the con¬ 
stants of the problem from the motions at the boundaries 
of the area. This is a trifle difficult to do. The Admiralty 
manual gives a large number of observations at various 
places, but it is difficult to decide whether these are purely 
local or whether they may he regarded ns holding over a 
larger area. A tair aveiage value, however, seems to be 
3} knots for mean spring tides in the area from the Start 
to Beachy Head. For the south-western portion of the 
North Sea near to the Strait of Dover, we may take 2| 
knots. It, however, the statement of Beechy that the 
current flows toward Dover when the tide is rising there, 
and conversely, be applied rigorously to the areas named 
A and B in 8 1, it is clear from | 4, that the progressive 
no-current line could not result, as the phase-difference 
would he exactly 180°. We shall in place use the facts 
that the current is sero on the Beachy Head—point d’Ailly 
line 5 hours before high water at Dover, and also sero on 
the North Foreland—Dunkerque line at the time of high 
water at Dover. We have then sufficient information to 
determine the motion. 

To determine the equation of breadth of the Strait of 

1 Tide* and Tidal Stream *, p. 35. 
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Dover m the approximate foim b (r) b secV/a we have 
the following data — 


ieettan 

Width of 

Qhsnnsl 

SUtatoMbet 

Dhrteno* to 
tween teeUm 
SUtnUlinee 

Neen Depth 

HKH nWOQ 

Mboaoe 

Beachy Head—Pomt d Ailly 

664 

r >l rt 

17 6 

Hastings Tripoct 

636 

y 1A A 

116 

Dungenest—Qaentin 

43 0 

l 16 4 

13 3 

Folkestone—Boulogne 

306 

! 

r to w 

l 1ft ft 

110 

South ForeUnd—Calais 



12 3 



\ 131 


North Bore land—Dunkerque 

43 2 

' 

12 8 

Mean 



1 1) 1 


ihe table given the distances from coast to coast at each 
of six sections l emg those of the observations in $ 1 
The second column gives the distances apart of the 
sections measured along mid channel The third column 
shoWB the mean depth 'icioss each section It will be 
noticed that excepting for the first section the depth is 
fairly constant On this account and because of the simpli¬ 
fication of the analysis I hnv e taken the value 13 I fathoms 
or 79 feet as the vslue throughout 

It is readily seen that the channel does not follow the 
issumed law of Ireadth b(r) — b sec* o/x with any close 
accuracy lhat liw however is sufficiently exact to give 
results comparable m accuracy with the observations 
Taking the origin of co-oidinates it the narrowest 
section ye hare then the two equations 

(a) Tor the eastward portion 6 (*) = 23 sec* x/17 3 
and (b) For the westward portion b (x) — 23 sec r/74 6 
From these we have 

* = 1032 radians = 59* 8 

* — 1489 radians — 86 19 

A — 179 B -= 3 06 l = — 109, D » 1 06 

A —6 37 B = 306 C = - 3 27 D = 100 











Using these values of the constants, we can now cal* 
oulate the time of arrival of the no-current line at each 
of the positions quoted in the table and compare with the 
observations in 8 1. The results are given in the following 
table:— 



If we bear in mind that the observations are approximate 
only as is shown in the fact that the semi-period is quoted 
as 6 hours in place of 6'2 hours, it will be seen that the 
agreement between theory and observation is fairly good. 
A stricter representation of the shape of the strait would 
perhaps have improved the theory especially near the 
narrowest pert. But the elaboration of the work would 
hardly seem to he justified in view of the difficulty of 
making more exact observations of the no-current line. 
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BRONZE TABLET PROM ALJUSTREL 


liiimity of |ir(>an yiitoipfikil Sirifty 


SOME ASPECTS OF MINING LAWS UNDER THE 
ROMAN EMPIRE 

Br HENRY LOUIS, MA, DSc 
[Read February 17th 1021 ] 

The fact that Roman Jurists paid particular attention 
to the need of lcgaslition in rospect of mines, the owner¬ 
ship theieof md the ielation of the State to mines and 
muieis is voi\ gineialU admitted and theit is evidence 
that*tiny must have done this at a \ery eirly penod, the 
basis ol a good deal oi then pi utice was no doubt denied 
hom Gieek souices, mining in Gnece going bn< k to a very 
1 emote jh i md 1 heie is compai atively littli to be found on 
tlu subject oi mining ligislalion in such of the eailier 
wilting* ot the Romm lunsis as hue conn down to us, 
tlu ( ivil (ode ot Justinian (ad 628) deiotm a shoit 
f liaptu to ttu subject, but o\en in this it is obvious that 
muent customs and unwritten liw pliyed i veiy import¬ 
ant put md thii Ibis unle does little moie tlmn set forth 
definitely piactues that probably weie in existence fiom 
time immemorial A gieat deal ot light has been thrown 
upon this subject b\ the discoveiy in Portugal of two 
Blouse Tablets found in 1870 and 190fi respectively, 
which, though tlicv ha\e been carefully studied on the 
Continent, appear to be practically unknown m this 
rountry It is to these that 1 wish to attract your attention 
to day and I need hardly say that in so doing I make no 
pretence at any originality, and that I am availing myself 
to the full of the translations, interpretations and 
comments ot the Continental A i oh apologists to whom I have 
lefeired 

Both these tablets were found buned m piles of old 
Roman slags m tbo mining district of Aljustrel, a small 
village in Southern Portugal, where copper mining has 
been earned on at irregular intervals from Roman times 

• 
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until quite recently Tito ore bodies last worked consist 
of cupriferous mm pyrites now relatively poor in copper, 
carrying* barely 2 per cent, of that metal There is no 
doubf I but the upper portions of the deposits were 
much richer in copper and they also probably carried a con¬ 
siderable propoition of silver. This phenomenon of the 
secondary enrichment of such ore deposits in their more 
superficial portions is quite familiar to mining* geologists, 
especially in ore bodies ot tins type. It is quite clear from 
the numerous remains of workings, instruments, etc., that 
have been found here, that the Romans carried on active 
mining operations in this district, to which they gave the 
name of TV//* Yipavcensii, and that they smelted on the 
spot the ot es extracted fimm the mines, as is proved by the 
large piles of Homan slags still to be seen there Tbeie is 
also some evidence that ore was brought from other mines 
into this mining district to be smelted, and it is piobable 
that the Horn ins had here a metallurgical station for the 
smelting and refining of ores and metals. 

The first of these tablets, found in 187fi, is numbered 
I IT and is evidently the thud of a series, though unfortun¬ 
ately the only one that has been discovered It is divided 
into nine clauses (the last of wlrYh is incomplete), and lefers 
exclusively to the financial administiation ot the mining 
camp, which was, us usual, subject to a “ Procurator 
1 1ctalhmmu" the repiesenlutne ot the (Vntial Homan 
Authority, appointed probably from Home, whose powers 
and duties appear to have been just nlxnit the same as those 
of the (Yirnish Walden ot the Stannaies, oi a Goldfield's 
Warden in an Australian Gold Mining Camp. It may 
bo noted that the word Metallum had become by this time 
very sharply defined; in the Bame way as the Romans 
derived much of their mining knowledge and the basis ot 
their mining legislation from the Greeks, so had they also 
adopted manv Greek mining terms. The Greek word 
/wroXXov appears to hi\o meant originally the actnal mine 
opening. If the generally accepted derivation from 
jte Ta,\\iu> (I search after), is correct, it would correspond 
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with what we should now rail a prospect Of course m 
primitive times tht man who discovered ore would himsetf 
extract it and would smelt it into metal on the spot so that 
the word /wraAAov was fiist applied both to the working 
md to its product Here however we find the word used 
quiti definitely foi mine or group of mines ( infra fines 
metalh Vipaicensis) and theie is considerable evidence 
even in the present tablets that mining and smelting had 
by ibis turn become differentiated and were earned on by 
entirely different sets of workers I may add that most 
Authorities appear to agree tint the tablet now under 
discussion dates fiom Hbout the end of the fiisf century of 
our era 

The first clause shows that theie was an auctioneer 
ippmiftd for the mining camp who bad to conduct all 
sties b\ auction md it fixes the auctioneers commission 
vt c ne pci cent which is tc be doubled it not paid within 
time days any silcs by aucti >n ordered by the Warden 
must be conducted ly the auctioneer grituitously The 
i ext clause fixes m tin same wa\ the payments to be made 
t the public Cuer om of the interesting dtlails is th t 
when a mine shaft is sold by order of the Worden the 
purchaser must pay the Crier’s nommission of 1 per cent 

1 he third c liuso sets out the obligations incumbent upon 
the farmer of the baths of keeping them in good order 
with a proper supply of hot water specifies the bathing 
houis for men and women and the payments to be made for 
the use of the baths which are however to be free for 
public servants soldiers and youths under age T may 
remind you that it was not until 1011 that legislation m 
this country made any provision for the establishment of 
baths m connection with collieries so that in this respect 
the Homans were 1 800 years ahead of us—and yet we 
pude mil selves on our national cleanliness * 

The next three clauses regulate the conditions under 
which cobblers, barbers and fullers may exercise their 
respective trades 

Hie next clause is decidedly difficult to interpret it 
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states that anyone engaged in cleaning, dressing or reduc¬ 
ing copper or silver slags in the district shall declare how 
many men he has engaged in this work, and shall make a 
monthly payment lor each man to the fanner (apparently 
the farmer of the smelting rights) and that payments shall 
also be made to him by anyone importing copper or silver 
slags into this mining camp. The clause is headed 
“ Scriptures tcaurartorum et tettanorum " and the latter 
word appears to offer some difficulty. I am inclined to 
think that it is quite piobahle that the Romans refined 
silver here, and that the word applied to the men working 
at the “ test ” or cupel upon which such refining would 
be carried out. The Latin “ testa ” appears to hove origin¬ 
ally meant a flat shell, a potsherd or a shallow earthenware 
vessel, and such a vessel containing a layer of ashes would 
probahly be used for silver refining; in the earliest descrip¬ 
tions of silver cupellation that have come down to us, we 
find that a vessel of this description was so used; Agricola, 
writing in the 17th century, calls it teita, and the word 
“ test" is still applied to-day to the similar vessel used in 
the English cupellation hearth. There is of eourse ample 
evidence that the Romans weie familiar with the method 
of cupellation. 

The eighth clause is one which I am sure will command 
the sympathies of many here present. I should like to 
draw the special attention of the Chancellor of the 
Exchequer to it, in order that he may see how far he has 
fallen in true civilisation below the legislative practice of 
1,800 years ago, for this clause enacts that within the 
mining district teachers shall be exempt from taxation. 

The last clause, unfortunately unfinished, refers to the 
penalties to be paid by anyone who ** jumps ” another man's 
shaft or shaft site, contrary to the mining law “ e lege 
metallit dicta*' 

It will be seen that there is an immense amount of inter¬ 
esting matter in this tablet. It is, however, far inferior 
in importance from the mining point of view to the second 
tablet, found thirty yean later under similar conditions, 
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This is evidently not a portion of the series to which the 
first belongs, as it differs widely from it both in matter and 
in style. In all probability it is a portion of the “ lex 
metalha dicta ” above referred to, and it appears from the 
inscription itself that it was given under the reign of 
Hadrian (117-138 a.d.). It has been conjectured with much 
probability that this Lex dicta applied to mines throughout 
the Colonies of the Roman Empire, possibly with minor 
qualifications to suit local conditions, but that its general 
lines were the same for all, and that it was drawn up in 
Rome itself and was distributed to the various colonies 
affected by it. If this view is correct, we have here an 
example of the legislation that governed mining in Great 
Britain 1,800 years ago. 

The first line of this tablet begins in the middle of a 
sentence and deals with the penalties to be imposed upon 
anyone who smelts any ore before he has paid the price 
thereof as previously stated (and which we do not know, as 
the conditions were evidently contained in the tablet preced¬ 
ing the one that has come down to us). The penalty is that 
the owner of the shaft who commits this breach of the law 
shall have his share of the shaft confiscated and that the 
Warden shall put the whole shaft up for sale. Furthermore 
the informer who proves that ore has been smelted before 
the owner has paid the price of the half share belonging to 
the State, shall receive a fourth part as a reward. It is 
important to note that two different words, namely, 
“ occvpator ” and “ colonxu,” are used in this paragraph 
indifferently as meaning the person in possession of the 
shaft; these words are used repeatedly throughout this 
inscription and apparently without any difference of mean¬ 
ing. I shall translate them both by tho term “mineowner," 
although it is obvious that there is no ownership in the 
sense in which we use that term. 

The rest of the inscription is sufficiently important to 
deserve translation in full, as follows:— 

Para. 2. Silver bearing shafts shall be worked in 
tiie manner contained in this law; the prices thereof* 
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according to the generosity of the Moat Sacred Emperor 
Hadrian Augustus shall be determined in such a manner 
that the ownership of that share that shall belong to the 
Treasury may belong to him who first offers the price 
for the shaft and pays into the Treasury the sum of 
4,000 Sesterces. 

Para. 3. Whosoever out of the number of five 
shafts shall have sunk one down to the ore shall work 
without intermission in the others as is written above; 
unless he shall do so others shall have the i>ower at 
■ occupying the same. 

Para. 4. If anyone after 26 days given to prepara¬ 
tion for the expenses shall have forthwith commenced 
to carry out some work but shall afterwards have 
ceased from working for ten consecutive days, others 
shall have the right of occupation. 

Para. 5. A shaft having been sold by the 
Treasury and having lain idle for six consecutive 
mouths, others shall have the right of occupation 
provided that when ores are drawn from the same, 
one-half share shall according to custom be reserved 
to the Treasury. 

Pam. 6. The owner of the shafts shall he allowed 
to have such partners as he may desire, provided that 
the latter shall contribute to the expenses for that 
share by which each is a partner. Should he not do so, 
he who has made the disbursements shall for three 
successive days in the Forum, and in the most 
frequented parts, cause the amount of the disburse¬ 
ments made by him to be published, and he shall 
intimate by Crier to his partners that each shall 
contribute to the expenses according to his share. 
Whosoever shall not contribute, or with evil intent 
shall have done something so that he may not con¬ 
tribute, or whereby he may deceive one or more of his 
partners, shall be deprived of his share in the shaft 
and that share of the partner shall belong to those 
partners in proportion as they shall have paid the 
disbursements. 



Para. 7. And those mine owners who shall havt 
made disbursements in that shait in which there shall 
have been several partners shall be entitled to recover 
from their paitners what Bhall be shown to have been 
expended in good faith. 

Para. 8. The mine owners shall be allowed to 
sell among each other also the shares oI the shaft, 
which they may have bought from the Treasury and 
paid the price thereof, for as much as they can 
obtain; whosoever wishes to sell hiB share or to buy 
must make a declaration before the Warden in charge 
of the mines; it shall not be lawful to sell or buy in 
any other wise. Whosoever is in debt to the Treasury 
shall not be allowed to give away bis share. 

Para. 9. The ores lying close to the shaft month 
shall be .transported to tbe smelting works between 
sunrise and sunset. Whosoever is convicted of 
having tiunspoited oie tiom the shafts alter sunset 
shall pay a line of 100 Sesterces to the Treasury. 

(I have translated the word offioina as smelting 
works; it is the origin of the French “ usine,” and 
appeals to mean a works as distinct from a mine, 
and may here have included a refinery as well as a 
smelting works properly speaking.) 

Paia. 10. Anyone who steals ore, if a slave, shall 
be flogged by tbe Warden and sold by him under the 
condition that he shall remain in fetters for all time, 
and shall not be allowed to dwell in any mines or 
mining district; tbe price of the slave shall belong to 
his master; if he is a freeman the Warden shall 
confiscate his goods, and he shall be forbidden all 
mining districts for ever. 

Para. 11. All shafts must be carefully stayed and 
supported, and the owner of each shaft must replace’ 
any decayed material by such as is new and suitable. 

Para. 12. It is forbidden to touch or injure the 
pillars or supports left for the sake of strength or to ‘ 
do anything with evil intent whereby these pillars, 
supports may be weakened and less easy to traverse.' 
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l’ara. 13. Whosoever ahull be convicted of damag¬ 
ing a shaft, causing it to cave, or destroying the 
upper pari, or doing anything with evil intent whereby 
the shall may he tendered loss firm shall, if a slave, 
be flogged as the Worden may determine, and be sold 
by bis muster subject to the condition that he shall not 
be allowed to do ell in uny mines; it u freeman, the 
Warden shall confiscate his goods to the Treasury, and 
he shall he foi bidden mining distiicts lot evei. 

Para. 14. Whosoever works copper shafts shall 
keep away from the drift that carries the water away 
from the mine and shall leave not less than 15 feet on 
either side thereof. 

Para. 16. It is forbidden to damage the drift. 
The Warden may give permission to work a trial hole 
from this drift for the sake of seeking for a new mine 
so that such trial shall not be more than 4 feet high 
and wide. (In this clause there is a word “ ter nag u» ” 
which appears to be new, and is not found in the 
dictionaries; I have translated it as a trial working, 
which is evidently from the context what it is intended 
for, but I have no clue to the way in which this 
meaning is derived). 

Para. 16. It is forbidden to seek for or to cut ore 
within 16 feet of either side of the drift. Whoso¬ 
ever is convicted of doing otherwise in the trial holes 
shall, if a slave, be flogged as the Warden may deter¬ 
mine, and be sold by his master under the condition 
that he shall not be allowed to dwell in any mines; if 
a freeman his goods shall be taken by the Treasury, 
and he shall be forbidden miniflg districts for ever. 

Para. 17. Whosoever works silver shafts shall 
keep away from the drift that carries the water away 
from the mine, and shall leave not less than 60 feet 
on either bide thereof, and he shall keep in work those 
shafts which he possesses or which have been assigned 
to him as their boundaries shall have been set, nor 
shall he go beyond those, nor shall he collect waste 
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nor moke trial liolefe beyond the limits of the shaft 

assigned to him in such a way as to. 

It is evident that this fragment contains a summary of 
a number of general laws governing the ownership of mines 
and the conditions under which they might be worked. It 
is clear in the first plare that the ownership of the minerals 
was vested in the State; apparently the State allowed any 
would-be miner to sink shafts foi the sake of extracting the 
oie, at his own expense, subject to the condition that, when 
he raised ore, one-half thereof was to belong to the 
Treasury. Probably the tribute of ore was taken m kind 
and smelted on acoount of the Treasury; this provision 
would make it quite intelligible why it should be fdibidden 
to remove any ote after dark when the representatives o» 
the Treasury would be unable to see the quantity and 
quality of the ore thus removed. It would further seem 
that it nny ownei of a shaft abandoned it ior a certain time 
or did not comply with all the conditions as to payment, 
etc., his ownership was forthwith determined, and the 
entire shait fell into the hands of the Treasury; it was then 
apparently put up to auction or otherwise sold, and the 
purchaser apparently purchased subject tx> the same condi¬ 
tion, namely that one-half of the ores extracted belonged 
to the Treasury. In other words the owner of the mine 
was the owner only as long as he complied with the condi¬ 
tions laid down and paid royalty to the State, the royalty in 
this case amounting to fifty per cent, of the produce. It 
would appear that the State claimed the absolute ownership 
of the mineral, but allowed it to be worked under certain 
conditions, most of which are unfortunately musing from 
the tablet that has come down to us. In the first place it 
may be conjectured that anyone, or possibly any settler in 
the mining district, wishing to mine, would be allowed to 
stake out a claim, probably of a certain defined area, and to 
mark upon it his proposed shaft sites. In most countries 
to-day where the State owning the mineral allows claims to 
be pegged out in this way, the claim-holder is bound to 
execute a certain amount of work in order to make good 
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his right; it would appear that under these lawB the amount 
of such assessment work was fixed by the Romans at sinking 
five shafts down to the ore. After he had done this work, 
the claim-holder probably became the absolute owner of the 
claim. If he failed to do his assessment work his right 
lapsed and others could take it over, or in Australian 
phraseology “ jump his claim.” Until he had completed 
his assessment work he must keep at it continuously, a 
stoppage of ten successive days rendeiing his claim liable 
to be jumped; it may lie conjectured that under certain 
conditions that have not come down to us, the claim reverted 
to the State, and was then put up for sale by auction. If 
these views are correct, the ownership of a mining claim 
and of the shafts upon it could be secured either by staking 
out and doing the lequisite amount of work, by jumping a 
derelict claim and completing the assessment work, or by 
purchase from the State. In all cases the owner held the 
mines subject to the condition of paying to the State one- 
half of the produce of the mine. The first clause, unfor¬ 
tunately imperfect, is by no means easy to understand; it 
may perhaps mean that the mine owner could purchase from 
the State the royalty rights by the payment down of certain 
sums, and in such case would be entitled to dispose of the 
whole of the proceeds of his mine, but this interpretation 
is by no means devoid of difficulties. It m possible that 
some such distinction may be implied in the use of the 
two words occupator and colonui, both of which appear 
to mean mine owner, though probably implying somq, 
difference in the mode of ownership. On the other 
hand colonui may mean a man who has been settled within 
the limits of the raining camp, and it is probable that these 
last alone had the light to peg out mining claims; if this is 
the correct interpretation, every occupator must be a 
colonui, though a colonui would not necessarily be an 
occupator. The meaning of the word colonui as applied to 
land is fairly well known; the colonui was a freeman, who 
enjoyed fixity of tenure in respect of the land he cultivated, 
hut was bound to that land upon which he was settled; he 
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Had to pay a proportion of the produce of the land to the 
proprietor whoever he might be; if these conditions are 
transferred to a mining property, it might be deduced that 
the colonut of a mine enjoyed the absolute nght of owner¬ 
ship of the mine, but he had to remain a miner and had to 
pay a proportion, here fixed at one-half, of the produce of 
the mine to the State as his Over-lord. 

It may be noted that there is no mention here of any 
compensation for the owner of the surface. It is, however, 
quite conceivable that in such a mining district the State 
may have reserved all suiface rights to itself, and that the 
mineral royalty was deemed to include payments for surface 
rights. It was not until much later than the date of these 
tablets that we find m Roman law any leoognition of the 
rights ot the owner oi the surface, although ultimately the 
miner had to pay to the owner of the surface one-tenth of 
the produce, the royalty to the State having by that time 
been 1 educed to that amount (a.ij. 382. See Justin. Codex 
lab. xi., Tit. 0, Hi.). 

For us in this country perhaps the most interesting 
poition of the inscription is to be found in sections 6, 7 
and 8, in which is laid down with the utmost dearness the 
basis of the system of mining partnerships, which is known 
in this country as the Cost Book System; this existed in full 
vigour for centuries in the Stannary districts of Cornwall 
and the adjoining districts of Devonshire, and is perhaps 
not yet extinct there even to-day; Cost Book Companies 
have indeed been started in other parts of the kingdom, 
but always as copies of the Cornish system. The Cost Book 
System is definitely a purely Cornish institution. 

The general principles of the Cost Book Company are 
briefly as follows: a number of adventurers, as they are 
called, take a lease of a mineral sett, and form themselves 
into a Company, each adventurer taking up one or more 
shares, on each of which he pays an agreed sum; the 
number of shares is usually some multiple of 8, 64 being a 
very common number. An official, who may or may not be 
one of the adventurers, is appointed to take charge of the 
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administration of the Company, he being known as the 
purser; generally a separate mine manager, called the mine 
captain, is also appointed. The purser keeps a book known 
as the cost book, into which he enters the names and respec¬ 
tive shares oif each udventurer and an account of the moneys 
expended on the mine and ot the receipts derived from 
sales of ore. The adventurers hold meetings, usually once 
a month, at which dividends or calls, as the case may be. 
are decided. Any udveuturei may ut any time relinquish 
his shares provided that he has discharged all his liabilities 
to the Company. If he does not pay the (‘alls made upon 
him his shares aie forfeited to the Company. The Cost 
Book principle has been fully admitted in English law and 
has repeatedly been the subject of special legislation; 
practically all Cost Book cases used to be tried before the 
Cornish Stannary Court. It will bo noted that this is a 
primitive type of limited company, especially suited to the 
development of small and irregular mines by a small group 
of persons all of whom were well known to each other; it 
will also be noted that this fonn and even the phraseology 
employed resemble closely those under which ships were 
» owned and worked from Medieval times onward, and it may 
be conjectured that it received its present form in the 
Middle Ages. In view, however, of the fact now ascer¬ 
tained that the basal principles were laid down by the 
Jtomans, it can hardly lie doubted that the Cornish Cost 
Book system lias come down to us from Roman times and 
that the Romans were its originators. 

It is noteworthy that we find evidence of this fonn of 
mine partnership wherever mining was practised under the 
Roman Empire. It obtained throughout Central Europe 
and there is abundant evidence of its existence there; the 
more modern German term for such a company is Geweri- 
schaft, each Gewerkschaft being divided into parts 
(frequently 04) known as “ Kuxe ”; the word Kux is said 
to be derived from a Bohemian word meaning a piece and to 
have been in use since the sixteenth century. The origin 
of the word “ Gewerkschaft ” is more remote; the earliest 
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application of it that I can find is in one of the collection 
of mining regulations published by the Bishops of Trent 
dated 1208; in another of these regulations published in 
1214 it is defined m the phrase “ Quattuor werkt, silicet 
soniajfidati,” which would appear to imply that it was then 
relatively new. In Spain again, although the successive 
Gothic and Arabic invasions render it difficult to follow 
anything like a continuous system of mining regulations, 
it would appear that the same principles of mining partner¬ 
ship must have obtained. The first complete Spanish 
Mining Code may lie said to be contained in tho Oidenansas 
of the Novisima Hecopilacion ot Philip TT. m 1684, 
which applied both to Spain and to the Spanish-American 
Colonies. Existing South American Mining Codes, e.g., 
that of the Argentine dated 1886 and of Chile dated 1888, 
have followed this old code rather closely, and both have 
.1 section (Title XI.) devoted to mining companies, in which 
the Roman principles are ‘exactly carried out, though 
naturally in greater detail. There is accordingly no reason 
to doubt that these regulations applied to mining in all 
Roman Colonies and therefore in Britain also. It is 
furthermore easy to understand why they should have 
survived in this country in Cornwall alone, seeing that 
the original Saxon invasion never reached this part of 
Britain; it may fairly be claimed that Saxon influence 
never made itself felt in Cornwall before the ninth centniy, 
and it is highly improbable that Roman legislation would 
have disappeared there before the Norman Conquest, which 
probably served to establish it in all its essentials. It may 
further be pointed out that the Roman principle of tbe 
State ownership of minerals survived in Cornwall inasmuch 
as there the ownership of all minerals was claimed by the 
Crown. Whereas in the rest of England such claims were 
fiercely contested until they were settled in 1668 by the 
Great Case of Mines, they never appear to have been 
questioned in the Stannary area of Cornwall and the adjoin¬ 
ing parts of Devonshire. There are continuous records 
from 1108 until Edward III. granted these minerals to the 
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Black Prince in 1339, which show that the Crown claimed 
full ownership for them. An important document in this 
connection is the well known Tinners’ Charter of King John 
in 1201, which was, however, u confirmation rather than 
a creation of such rights; it sets forth the rights of “ Stan • 
naton nottn ” td dig for tin ore and to do various things 
incidental to such digging “ »icut de antiqua consuetudtne 
coTuiievennt,” and asserts definitely the ownership of the 
Crown “ tn stannanu flits quae sunt dominica nostra." 
The rights of the tinnen to work tin and to be subject only 
to the Warden of the Stannaries “ ntstode nostro Stannaria- 
rum nostrarum ” reminds us forcibly of the rights of the 
Homan Colonus and it may fairly be suggested that the 
system of mine ownership, which the Aljustrel tablets 
illustrate, continued in Cornwall unbroken from Roman 
times onwards. > 

This constitutes to my mind the chief interest of the 
Browse Tablets of Aljustrel; I hold that they contain a 
portion of the laws under which mines were administered 
in Britain in Roman times, and 1 have submitted to you 
whut I think is good presumptive evidence that these prin¬ 
ciples of Roman mining legislation obtained in Cornwall, 
and that man\ of them, though naturally modified in the 
course of ages, have been maintained in principle in Corn¬ 
wall up to the present day. 
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THE SOLUTION OF CUBIC AND QUARTIC EQUATIONS 
WITH NUMERICAL COEFFICIENTS 


BY A 8 PBROIVAL 


[Bead February 24th 3421 1 


Thb Solution of Cubic Equations by Circular Functions 


Given Aa^+Ba^+Caj-fD—0, pot x— 



to eliminate the 


second term and to replace the leading coefficient by unity 
The transformed equation is y*+py+q—0, 
where p=9AC—3B* 
and 5=2B*—9ABC+27A*D 

It will then be found that if the original coefficients A, B, C, 
and D be integral, p and q will be also integral 

(If A= 1 and |B be mtegral say », it is simpler to put 
x=y—n, and the transformed equation is y , -f-py+g=0, where 
p**C—«B and g=2n*—nC-f-D) 


2 

Regarding p and q as signless find ——, and call it i, so 

3v 3 

that k is signless m every case 
In the solution of y t +py+q aa 0, it Will be observed that a 
different method must be used according to the sign of p, add 
hence it is advisable to consider p as signless, but to regard v 
as carrying its appropriate sign, so we write tf±pff+q**0 


I —For tiie oase y*+py+q~0, put fc=cot *, and 
V? I (oot J) J -(tan 


This root jft is the only real root and it carries the opposite sign 
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to that of q, which is indicated by the sign — The remaining 
roots t/i and y, are given by —\yi±{\8i % +qlyift t 

The term q/y\ is always negative, for in both cases q most carry 
the reverse sign to that of yi. 

II.—For the case of y*—py+j=0, there are three subdivi¬ 
sions depending upon the value of k. 

(i) When 4>1, put Jfe=cosec Vs then 

v>= -y/l U 00 * 2 )*+( ten 2 )* i * 

and the two unreal roots and y$ are given by 



(u) When k= 1, y,-- 2>y/^ and y.^y,— 

Here y, as always takes the opposite sign to that of q , but 
now the other roots take the same sign as q. 

(iii) When k< 1, put /fc=cos 3^, 

then y,= -2<y^co»0 

y, and y,= —2 cos (<£±120°). 

(If tables are not at hand, the following method whioh is 
given in Barlow's tables is a very good approximate method. 
Given y*+py—q=0, let a be an approximate root. Write 

then ^ 1 —approximately, where q is 

used, unless a<l when v is used. As a numerical example 
consider y*+3y=6. Taking a»l-3, a first application of the 
method gives y^l-288. Taking a=> 1-288, a second applica¬ 
tion gives 1*2879097. These eight figures are correct. On 
using the-method of circular functions with 7 figure logarithms 
one obtains 1*28791, a nearer result with one operation, which 
illustrates the capacity of each procedure. The value ol the 
root correct to 9 figures is 1*28790976, Now in this am 
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jf*-4-3y»0, one oonld easily find the first three figures from 
Molesworth’s pocket-book which gives tables of squares and 
cubes for numbers of three figures, but it would be troublesome 

if p entailed many figures. In such a case put y~ z/ \/\ ! 
then 

3>/ 3 

and an approximate value of z can be easily estimated from the 
tables.) 

The explanation of the method by circular functions is now 
quite simple. We have three fundamental formuln— 

1.4 sinh* u+3 sinh u —smh 3u. 

II. (i.) .... 4 cosh* u —3 cosh tt=cosh 3u. 

II. (hi.) ... 4 cos* <#>—3 cos<)» =cos 3</> 


In class I., if instead of putting y=*\/y we replace z by 
2 sinh u, the last equation in z becomes 

8 sinh* u+6 sinh u— ® =0, 

VI 


and so sinh 3u= _k_ or k. 

P IP 
3 s /8 


OOt* o^—l 


2 if 'k 

But in I. we put £=cot i'— - -r = J(cot 5 —tan I) 


2 cot, 


-=sinh 3u, if cot g =■«*' 

and y,*=2\/|unhu«=-%/g | (cotg )^—(tang } • 


ylt \lr 

cos* ^ -fain* g 

Similarly in class II. (i,), &=cosec - 

2 sin 2 cos g 

•B^oot £ +tan If ) «*cosh 3u, 
so a—2 ooeh u and 2^/^ cosh «—-y/|[(cot 2 )^ + ( twi 2 

4 
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In class II. (iii), when jt*=coa 3 <f>, s=2 cos <f>ory, =*2 ,/^p. cos 4>. 
It will be noted that f is the complement of the gudermannian 0, 
so that 


einh o—oot V'™ tan 6 
cosh tJ=cosee^=8eo 6 


^-tan ('-£) 

- t “(I+a) 


tanh »=coe +=sin 6 


The solution of Quabtios with Numerical Coefficients. 


Given Aa^+Ba^+Ca^+Dx+E^, 

_g 

Put x =so as to eliminate the second tern and replace 


A by 1, when y 4 +Qy , +Ry+S=0=/(y) is obtained; 
where Q=16AC—6B* 

R=8(B*-4ABC+8A I D) 
S=16A(B*C-4ABD+16A«E)-3B 4 . 
Clearly we may assume y=»|(<*±/8) or a ^y) 


or /(y)«=-- {v , -«y+K a *-^*)} {y , +<‘y+M tt, -y*)} • 

The auxiliary oubic is £f**)=*S 4 +2Q* 4 +(Q , ~48)^—R*=0 
or (*—a«) (z^+pj^+j) =0. 

As the last term {—R 1 ) is negative then must be at least one 
positive root, and it will be a square number if the solution 
is integral; denote it by a 1 . If more than one positive root, it 
is convenient to denote the highest number by a*. 


P- 




-2Q-a* 


Example (i.) *2**—llx*+**+50*—24=0. 

Put then ^-694^+285^+51597=0. 

The auxiliary cubic iB *•—1388* 4 +275248**—8166736=0. 

Hen a*=1156; a=34 and hence #=8, y=20. Then the 
roots for y an 21, 13, —7, —27 and finally *=4, 3, }, or —2. 

Another method, which I owe to the late Mr. J. H. Gurney, 
is simpler in most cases. Write the auxiliary oubio in fac t o rs 
(*-$•) (* 4 +p**+?)«=0. Then 

{y*± «y+i (<*»+p-2 Jq)} {y»*«y+i («*+p+2 Jq)} =0, 
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sad solve the two quadratics In this case q most be regarded 
as signless and >/? is positive and Teal whereas p carries ite sign 
The upper signs must be taken when R is positive the 
lower signs when R is negative 

Example ( 1 ) as before y 4 —694y , +2856y-f51897»*0 This 
leads to (**—1156) (z 4 -232**+7056)=0 and hence 
/(yH(y*+%+189) (y»-34y+273) 

Solving the quadratics we obtain the roots as before 
Example ( 11 ) 
x*+4x— 1=0 

^(* , )=s*+4s*-16=0=(«»-2) (s*+2**+8) 

/(*)=.(*»+» J2 + 1—J2) [tf-Xy/l + l+y/Z) 

Therefore — i^/2±v>/2—| or lv'2±v' — >/2—1 

The two real roots are 249038376 and — 1 663261938 and the 
two unreal roots are 707106781 ±^(-1 914213662 ) 

None —(1) Whenever the cubic has 3 real positive roots the 
quartio has 4 real roots 

(2) If the cubic has 1 real positive root and two unreal roots 
the quartio has 2 real and 2 unreal roots 

(3) If the cubic has 1 real positive root and 2 real negative 
roots the quartio has either 2 real and 2 unreal roots or it has 
4 unreal roots 
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“ LIMITS OF ACCURACY IN ENGINEERING 
MANUFACTURE.” 

Br S J. DAVIES, B.Sc., A.MIMmhB. 

| Road February 21st, 1021.] 

There are errors in all acts of measurement. These 
depend partly on the means UBed and partly on the degiee 
of human skill exercised. Error must, therefore, be 
4t tolerated 99 to a greater or less degree. A difference of 
five yards in the lengths of two football pitches is hardly 
noticeable; an error of inches in the length of a cricket 
pitch, although an extremely small percentage of the 
twenty-two yards specified, is, however, of great moment* 
In the world of engineering the error tolerated may vary 
from the * near enough 99 measurement at one end to the 
“ ten-thou,” t.e one ten-thousandth of an inch, discussed 
daily in the gauge or tool department of most works 
ORgag^d on engineering manufacture in quantities. 

In this type of engineering, commonly termed “ mass 
production,” the quantities are large with relation to the 
value of a unit, os "distinct from the large unit met with in 
the constructional or engine-building branches. Electrical 
switchgear, aero ami automobile engines, typewriters, 
shells and guns may be mentioned as examples of engineer¬ 
ing manufacture in quantities. And for economical pro¬ 
duction some degree of interchangeability between all 
examples of the same part, when machined, is essential. 
The machining of parts is sub-divided into a number of 
distinct operations, and a certain accuracy must often be 
attained in early operations, since the part is often located 
in jigs or fixtuies for later operations in such a way as to 
make use of earlier machined dimensions. Parts machined 
to a high degree of accuracy can be assembled easily and 
cheaply, since hand-fitting is largely eliminated. The 
■supply of spare parts is also facilitated. 
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In order to achieve the degree of interchangeability 
required, it becomes necessary to establish, for each 
dimension of a part, certain “ limits ” of accuracy between 
which this must lie; in other words, the error which may 
be tolerated for each dimension is fixed. In this connec¬ 
tion it must be remembered that accuracy costs money, and 
after a certain essential tolerance has been met, further 
efforts are unnecessary and wasteful. To measure accurately 
a particular dimension is a lengthy, and therefore costly, 
operation; the use of limit gauges render practical measure¬ 
ment economical, since, if the dimension falls between the 
limits fixed by the gauges, nothing more is demanded. 

The consideration of manufacturing limits fal}s under 
five headings or divisions. These are (a) measurement of 
diameters of cylindrical parts; {b) measurement of lengths, 
including cumulative dimensions; (e) measurement of 

distances apart of the centres of holes; (d) measurement of 
screw threads; (c) measurement of special shapes such as 
tapers, splines, etc. Of these (a), (6), (r) and (e), will be 
treated m the Paper. 

(a) Diameters of cylindrical parts.—Consideration of 
these may be regarded as fundamental in the general study 
of limits of manufacture. 

In every pair of parts mating together one must be 
selected as a basic one whose dimension is to be regarded 
as accurate, within the degrees of accuracy demanded by 
the work, and of the nominal sise; the other part, also 
machined within the required degrees of accuracy, is given 
a definite variation from the nominal sise in order to attain 
a certain kind of mating, or “ fit,” as it is termed in the 
workshop. It may be as well to point out that the 
“ tolerance " is the total error in manufacture which can 
he permitted, while the definite difference between the 
dimensions of two-parte mating together is celled an 
" allowance.” It will be understood later that certain 
tolerances are given according to the class of work while the 
allowances are arranged to produce certain kinde of fit. 

Several years ago, based largely on the demands of mill 
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engineering, the British Engineering Standards Association 
recommended that shafts or plugs should be made, within 
appropriate limits, to the nominal diameters, while the 
corresponding holes should have the required allowance or 
variation from standard. This is termed the “ shaft basis.” 
In later times, however, the opposite of this has come into 
practice, vie., the “ hole basis ” in which the hole is to the 
nominal dimension and the shaft is given the necessary 
allowance. The reason for this change lies in the fact that 
holes are generally made bj means of drills, reamers, or 
cutters, wheieas plugs and shafts are turned or ground: the 
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former tools are standardised and produce u diameter which 
is relatively fixed; parts produced by turning or grinding 
can more easily he given an allowance from the nominal 
dimension. Further, holes can be most conveniently 
machined to limit plug gauges, and in this case direct 
measurement of the hole, always veiy difficult, is not 
necessary, while, tor shafts measurement by means of a 
micrometer is readily carried out. Thus, in cases where 
rigid economy must be considered, a set of standard plug 
limit gauges only » essential—if the shaft basis were used, 
plugs covering all recognised allowances would be necessary 
to ensure the holes being to the correct sise. 
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There are three systems of tolerances end allowances in 
ub 6, and, in addition, most manufactures provide examples 
where special conditions have to be met. The three systems 
do not differ greatly in the tolerances and allowances 
arranged but only in the manner in which these are 
arranged. The Newell System, in fairly common use in 
this country, although not put forward as a perfect one, 
will be discussed, in order to keep the Paper within the 
desired bounds. 

Fig. 1 shows the tolerances allowed for holes under 
this system—it will be remembered that holes are basic, and 
should therefore, he as correct as is commercially possible 
The tolerance increases in steps to suit practical demands, 
hut follows the general law: Tolerance = a + bs/ (Diameter), 





Push Fita 

Fig 2 


where a and b are constants. Two dusses of tolerances “A” 
and “B” are given in the figure, and it will be noticed that 
the tolerances are arranged so that two-thirds are above the 
nominal dimension and one-third below the nominal 
dimension. In making a hole the workman hugs the lower 
limit rather than the upper, while in making a plug or 
Bhaft the upper limit is more often approached, since in the 
event of error in these cases, the part may be rectified. 

Fits may be divided under three divisions, clearance, 
inteiference, and transition. Clearance fits are necessary 
when relative motion is to take place between the parts, 
and include “ Running fits ” and “ Push fits.” Figs. 2 
and 3 show, in a diogiammatical form, the allowances 
arranged for one class of push fit, “ P,” and three classes 
of running fits, “ X,” “ T,” and “ Z.” It will be noticed 
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from a comparison of these figures with Fig 1 that there 
is always a positive allowance or c learance between the hole 
and its shaft thus foi a hole and shaft of 2J inches dia 
meter nominal the smallest dmmetei of the hole in class 
A is £ 499'i inches wbile the gie itest diametei of the shaft 
is 2499 mehes foi the highest class 7 of lunmng fits The 
essential featuie of n leaiance fit is that motion may take 



Fig 8 


plate fieely and with sufficient allowance for proper lubn* 
cation Weai will take place and must often be considered 
m connection with the peimissible allowance 

Inteiteiencc fits comprise l)me fits lorce 
fits and Shrink fits These include all cases where 
the two pnits cue to be ugully connected so as to ensure 
complete lack of movement undei set vice conditions With 
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this class of fit there must always be some interference * 
between the two pai ts le the shaft must always be laiger 
than the tonespouding hole—the allow mce therefore 
will be negative Suitable allow antes foi drive and force 
fit aie ai ranged umlei the Newall system these are shown 
in Pig 4 Shrtnl fits ue not standardised since the 
demands of engmeeiing piidiutnus tire so \med in this 
lispoot A curve of thermal evpmBiou for steel is given 



and allowances foi shrinkage tan be arranged from such a 
curve allowances should be of an older so that when cold 
the mterfeience between the pirts ezceetls that of a force 
fit To the reader who is not familiar with workshop 
expressions it mn> be added that a light drive fit is 
one wheie the puls miy be mited by light blows froth a 
hand hammer a drive fit is closei than this ft force fit 
demands a fore e of the order of that supplied by a screw or 
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hydraulic jack. Shrink fits, of course, make use of the 
expansion and contraction of one of the parts by heating 
and cooling m order to obtain the desired grip. Parts 
assembled -to a force fit should not necessarily he destroyed 
or damaged in tnkiug apart again. 

The third class ot fit, transition fits, includes those 
which lie between clearance and interference fits. The 
essential condition is that the parts pair together with n 
complete absence of relative motion but with a proper 
registration of one with another. They must further 
permit of assembly and taking apart without difficulty or 
damage to them. No wear, of course, may be expected 
from this class of fit. The British Engineering Standards 
Association classifies light drive and key fits as transition 
fits. The Newall system does not provide definitely for 
them, although the allowances of the class P, push fits, 
apply to some extent as transition fits. With the stepped 
increases of tolerance and allowance rendered necessary by 
practical conditions some confusion is inevitable on the 
bonier lines between the classes. If it were possible to 
arrange systems without steps, all demands would be met 
by equations of the order Y=a + 6>/ 1)., giving suitable 
* values to the constants a and b. 

(b) Lengths, including cumulative dimensions. When 
simple lengths up to about 4 inches are considered, their 
tolerances and allowances follow closely those given for the 
diameters of cylindrical parte as regards clearance, inter* 
ference, and transition fits. For longer lengths, however, 
tolerances have to be increased somewhat owing to the 
practical difficulties of manufacture and measurement. 
The cylinder is the simplest form to machine and to 
measure; lengths are more difficult with the ordinary work* 
shop equipment. 

There are many examples of manufacture, placed under 
this heading which, further, do not lend themselves to 
standardisation. These are often of the type, which may 
be called cumulative, in which individual dimensions 
cannot he considered alone bat only with reference to other 
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moheo were allowed as total side-clearance or float ’ 
Ihis id a case which permits of read; measurement 

Fig 6 shows a more diffic ult case vir the allowances 
which must he given on the relatne lengths oi the crank¬ 
shaft and engine body or crank case m ordei to compensate 
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for their difference of expansions on heating up in running 
—in this example the crunk-ease expends more than the 
shaft. The tolerances on these dimensions are of the order 
of plus or minus '001 inches, while the allowances increase 
by 002 inches for each hearing passing from the centre 
bearing towards the ends—in this case location endwise of 
the shuft in the case is at the ceutre hearing; in some 
engines one ot the end bearings is the locating one and 
allowances must be given starting from this one. It will 
he appreciated that in this example the allowances are 
cumulative, but the tolerances canuot he, as, if they were, 
the allowances would be nullified. So that the tolerances 
on the overall lengths, although logically the sum of the 
individual tolerances, have to be made much leas than the 
sum in order to satisfy the demands of the work. The cases 
in which lengths and distances are cumulative foim an 
interesting problem for the designer and manufacturer. 

(r) Distances apart of the centre lines ol holes. This 
is a most important sub-division fitwn the point of view 
of practice, in which a number of cases have to be 
considered. 

When two holes carry spindles or shafts upon which 
gear-wheels are mounted, the correct and satisfactory 
mating of the gears depends on the accuracy of the distance 
of the centres of the holes. The diamefers of the holes will 
be measured to the standards given in (a), and by the 
insertion of suitable plugs, which project from the hples, 
the distance of the centres may easily be measured. This 
case is simple, hut a more difficult case is introduced when 
a number of holes in a part have to be positioned so that 
their relative positions must bear a certain mutual relation, 
e.g., a series of holes in the flange of a cover to pass over 
studs in a casting. In ordinary practice it is sufficient if 
one set of holes be marked off by hand and drilled as nearly 
as possible in their correct positions; the other part is 
generally marked off from these holes and drilled, adjust¬ 
ment being made as necessary in fitting together. For 
economical manufacture in quantities, both parts must be 



61 


drilled in jig*, and the tolerances allowable in snch jigs 
form the real problem. 

Fig. 7 shows the conditions which must be observed in 
order to obtain interchangeability on these holes. The 
holes in the cover must, in general, be what are called 
“ clearing ” holes, i.e., theie is a considerable allowance, 
ot the oidei of to 1 inches, on the diameter ot the 
covei hole ovei the diometei ot the corresponding Btud in 
the casting. So, assuming the diameters of the studs and 
holes to be collect (their tolerances would be, say, plus or 
minus 001 inches), the effect ot the clearing allowance 
may be considered by reference to the figure. In such a 
case it is clearlj not sufficient for the distances between 
each two successive holes to be considered; it is essential, 
also, to keep each hole, within definite limits, to its nominal 
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position with regard to all other holes. Thun the problem 
resolves itself into deciding the variation permissible, in 
all dilections, in the position of each hole. If D be the 
diameter of the holes, and d be the diameter of the studs, 
then ( D—d) is the amount of clearance allowed. If t be 
the maximum distance, in any direction, by which any hole 
may he wrongly placed, from a consideration of Fig. 7 
it will be seen that t=\(D - d). And, if r bei the nominal 
distance of the centres of two holes, then the dimension 
must fall between the limits (x +2f) and (x—2t) for inter¬ 
changeable production. And a tolerance of plus or minus 
21 is the maximum which can he permitted between the 
centres of any two holes. Thus, with a casting to which 
is secured a rover by {-inch studs, the clearing fifties in the 
cover being f+sV inches, the valne of t becomes '004 inches, 
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In order to produce work to this degree of accuracy, the jigs 
from which the holes are drilled must he sufficiently correct 
so that the centres of their holes are accurate within a 
permissible value of, say, ‘0005 for t. The high standard 
of work in the tool room of a firm engaged on engineering 
manufacture will be realised when such tolerances are 
considered. 

(e) Special shapes: tapers, splines, serrations.—Tapers 
form u s ery efficient means of mating one part with another 
where the two parts must be accurately concentric. When 
fitted with keys, they also form a satisfactory means of 




transmitting torque from one pert to another, such as 
from a shaft to a gear-wheel or propeller. In order to be 
efficient, however, these must be very carefully made. The 
fitting of the hollow part on to the shaft ensures a rigid 
alignment of both, while the keys are only called upon to 
withstand pure shear; further, if the tapers are well fitted 
and pulled up tightly together, some of the torque may be 
taken by the friction of the two parts, thus lessening the 
demands on the key, a desirable point, particularly whera 
the torque to be transmitted is not uniform. It may be 
added that, in addition to the good fit of the tapers, the key 
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should be a good push fit or light drive fit in the sides of 
the corresponding keyway, but should be clear on the top. 

It is necessary, therefore, in manufacturing tapered 
parts in quantities to lay down very definite degrees of 
accuracy in the taper. Magneto drives form an important 
example of such production, and tapers have been standard¬ 
ised for these by the British Engineering Standards Associa¬ 
tion. Tapers are measured as 1 inch in change of 
diameter in r inches length, or briefly, 1 in «. In practice, 
tapered work is made direct to gauges—direct measure¬ 
ments are not taken—but it is always desirable in check¬ 
ing, say, a plug under manufacture, with a taper ring 
gauge, to use some kind of marking, e.g., prussian blue, 
in order to ensure contact between them over their whole 




lengths, as a slight difference in the angles of taper of these 
is not very noticeable when checking without marking. 
The correctness of the angle of a taper, either plug or ring 
may be regarded as sufficient for practical demands if 
checked in this way. Foi checking the difemetera, so that, 
at a particular point they fall within certain permissible 
limits, the gauges are marked as shown in Fig. 8, (a) and 
( b ). The plug shown in (a) is marked at a distance “ t ” 
as shown, and, if the end of the part to be gauged falls 
between the etched mark and the end, the diameters of the 
part may be adjudged correct. Similarly, in (b), a pro¬ 
jection is shown to the face of the ring gauge at distance 
“ t ” so that the end of the plug part to be measured should 
fall between this projection and the face of tfie gauge. 
From what has been said above, the value of t will be 
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f-thousandths of an inch for a taper of 1 in t, if the toler¬ 
ance on the diameter be *001 inches. 

Spiined driven form a very important class, since 
rotary motion between two parts is prevented while axial 
motion may take place — gear boxes for automobiles and 
machine tools make use of splines—. Fig. 9 shows the shape 
of spiined drives, whence it will be seen that the dimensions 
A, B, and C are of importance. In such a shape, it will be 
realised after consideration that all of A, B, and C 
influence the setting of the outer part relatively to the 
shaft as regards concentricity. In most machine parts, it 
is general, in practice, to allow only one dimension to give 
location in any one direction, but with spiined shafts at 
least two, B and C, or A and C, are made within cluse 
limits, while the third is arrunged to give ample clearance 
The following particulars, taken from a practical ease will 


expli 

nin this: — 
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The same kind of fit is arranged, in this case, both on 
dimensions A and C. The grooves in spiined shafts are 
generally form-nulled, which demands great care to achieve 
this degree of accuracy; the hollowed ports are, however, 
broached, so that, if the broach is correctly made, accurate 
and interchangeable production should follow. 

A serrated shaft is shown in section in Fig. 10. This 
may be used in cases similar to those in which splines are 
used, except that, while it is ideally suitable for the trans¬ 
mission of torque, it is not eminently suitable for relative 
motion of the parts parallel to their axes. The methods 
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of producing 1 the shafts and bores are similar to those of 
splines, but, on account of the fact that the important 
surfaces are not parallel one to another, the difficulties of 
production of shafts are increased. The angular positions of 
the grooves relative to each other are even more important 
than in the cose of splines, and the angles of the grooves 
also demand great attention. The measurements of serrated 
shafts are earned out in similar ways to those of screw 
threads, and, as the latter subject is to be dealt with in a 
coming paper, the leader is referred to that paper. 

Serrations have been used for mounting gear wheels on 
crank-shafts of aero engines when these wheels transmit the 
whole power of the engine. Another example is in the 
British Standard Air-screw Boss which has been adopted 
bv the Royal Air Force. 

The tolerances given in the diagrams are intended to 
apply to the work. Gauges and other appliances are used 
for producing and measuimg the work. These, too, must 
necessarily have errors and therefore tolerances must be 
arranged to apply to them. Such jigs, fixtures, tools, and 
gauges are produced, in general, in the jig and tool depart¬ 
ment of the manufacturing firm. These tolerances are, 
therefore, termed tool-room tolerances, and are of the order 
of 26 per cent of those allowed on the Newell u A 99 holes. 
The necessity foi the extremely fine tolerances worked to— 
and sometimes thought impracticable, or at any rate 
unnecessary, by those not familiar with the condition of 
engineering manufacture in quantities—becomes obvious 
when the objects of the work in the tool-room are 
considered. In the tool-rooms, too, definite standards of 
comparison of length must be present. Those of Johansson 
are in common use in this country. Such standards are 
produced and tested under laboratory conditions and must, 
naturally, be to a much higher degree of accuracy— 
Johansson’s are guaranteed correct to within plus or minus 
00001 inches on any dimension. 

The present paper, of necessity, touches only the fringe 
of a subject which is of the greatest moment to certain 
branches of engineering 


6 
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SOME FEATURES IN CONDENSING PLANT 
OPERATION. 

By G P HARDY, M So 
[H ead February Slat, 1921 ] 


Section I.—Dependence of Condenser Efficiency on Air 
Pump Cipacity and " Inactive Zones.” 

In the design of surface condensers it is usual to 
proportion the cooling surface either upon the Indicated 
Horsepower of the prime mover, or upon the probable 
weight of steam to be condensed per hour; and the volu¬ 
metric displacement of the air pump is based upon the 
quantity of condensate to be extracted. 

Proportions in practice are as follows: — 


Tabli I. 

Marin* engine* (Mercantile). C ond e n ser surface—1 *25 to 1 '5 square 

feet perl.H.P. 

Air pump oapaoity—11 cubic feet per lb. of steam condensed. 


Naval practice (T.B. Destroyers). Condenser surface—*4 square feet 

per S.H.P. 

Air pump capacity—*23 to *25 cubic feet per lb. of steam condensed. 


Tmrbo Mhctncal Power Plant, Condenser surface—2 square feet 

per KW. at 28* vacuum. 
2*5 square feet per KW. at 29* 


Air pump oapaoity. .65 cubic feet per lb. of steam at 26* vacuum. 

*8 » *> 9* W* n 

1*1 fp pp tt 88 * H 

Condensing plants designed on the above proportions 
are essentially a compromise between efficiency and 
practicable dimensions or initial cost, they show on analysis 
evidence of extreme inefficiency. 



DIAGRAM 1 
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The proportions of the air pump are principally, 
responsible for this lack of efficiency, as this method of 
proportioning takes little or no account of the quantity of 
air which has to be extracted from the condenser. The 
quantity of air carried into the system is proportional to 
the water evaporated in the boiler, but incidental and 
insiduous air leakage are factors which can only be allowed 
for by extremely extravagant proportions in oooling 
surface, and in capacity of air pump. 

Standards or Efficiency. 

The following standards of efficiencies are here 
adopted: — 

( 1 ) Vacuum Efficiency — 

Actual vacuum in condenser. 

Vacuum corresponding to the air pump discharge 
temperature. 

( 2 ) Thermal Efficiency — 

Temperature of air pump suction. 

Temperature corresponding to the vacuum. 

The Temperature Rise in the Circulating Water 
during its Passage through the Condenser. 

The curves published by Prof. It. L. Weighton in his 
paper “ The Efficiency of Surface Condensers ”* show that 
the temperature rise of the circulating water takes {dace 
wholly or in major part in the two upper water passes, 
indicating that the heat transmission is confined princi¬ 
pally to these two passes. 

Prof. Josse displays this same fact, the curves on 
Diagram 2 being reproduced from his results.* 

In curve 2 the exhaust steam did not contain muoh air 
whilst in curve 3/06 kilograms of air were allowed to leak 
in per hour, and about 40 per cent, of the oooling surfaoe 
is absolutely inactive. 

* Vid i Tm u. Inti. Novel ArekiUttt, 190& 
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“ Active ” and “ Inactive m Zoneb. 

The evidence reviewed above shows that the cooling 
surface may be divided into two comparatively distinct 
portions or cones, an upper portion which may be termed 
an “ active ” sone and a lower portion or " inactive ” 
sone, the active sone is that one concerned in the actual 
condensation of the steam. The surface in this sone is 
highly efficient, giving an extremely high heat trans¬ 
mission co-efficient. 

At the end of the active sone practically the whole of the 
steam is condensed, and with the usual percentage of air 
present the temperature of the air steam mixture at this 
point is only slightly lower than the temperature of the 
entering steam, but the volume per pound of the mixture is 
too great to be within the removal capacity of a mechanical 
air pump of practicable dimensions. 

Herein lies the function of the inactive sone, vis., to 
cool the air and de-vaporise it, thereby greatly reducing its 
specific volume. 

This concentration can only be performed by a reduction 
in temperature causing condensation of the remaini n g 
steam, and resulting in the mixture becoming richer in air 
contents. 

This condensation, t a b— place at an exceedingly great 
disadvantage owing to the reduction in rate of heat trans¬ 
mission due to the relatively large weight of air present. 

It follows that the extent of the inactive sone depends 
upon the volumetric capacity of the air removing apparatus, 
and that this dominates, to the exclusion of other faotors, the 
average heat, transmission oo-efficient of the surface as a 
whole. 


Efficiency of thf Inactive Zone. 

The air vapour mixture being very rich in its air 
contents, the heat transmission coefficient will approxi¬ 
mate to that of pure air which is a well-known heat 
insulator* 
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The coefficient of heat transmission for air according to 
Josse* depends upon the speed of flow of the air and also upon 
the absolute pressure; but at a pressure of 'll atmosphere 
(26f inch vacuum) it does not vary much with the speed of 
air, and in no case does it rise above 6 at this pressure. For 
comparison with this Josse gives 20,000 for pure steam. 

Hence it will be seen that the inactive cone is extremely 
inefficient, and that the direction in which surface economy 
may be promoted is in the elimination of that portion of the 
tube surface where the lower order of heat transmission rate 
prevails. 

Diagram Ill., Figs. 1, 2, 3, which represents conditions 
in a condenser working at 27 inches vacuum, shows the 
percentage of steam condensed by reduction in temperature 
when associated with air in the ratio of 1 of air to 3640 by 
weight of steam entering the condenser. This proportion is 
usually acoepted as representing average practice. 

Figure 1 shows the percentage of steam which is con¬ 
densed, and it will be seen that for 1 £° F. fall in tempera¬ 
ture from the temperature of the incoming steam about 
995 per cent, of the total steam is condensed. 

The portion of the condenser above this level may be 
regarded as the active sone, and obviously, practically the 
whole of the heat transmission takes place above this level 
and corresponds with the temperature rise in the circulating 
water. 

The density and composition of the mixture are shown by 
abscissae on Fig. 2, measurements to the left of the vertioal 
representing weight of steam per unit volume of the mixture 
and those to the right representing weight of air per unit 
volume. As condensation of the steam proceeds, the relative 
weights of air and steam will change and the air being son* 
condensible becomes the chief constituent. 

Figure 3 shows the volume in cubic feet per lb. of air 
saturated with water vapour at the pressure existing in the 
Condenser at each of the temperature levels. This volume 
may be regarded as a measure of the necessary withdrawing 

* Vide Engineering, December, 1008. 



capacity of the air pump, the volume at the last temperature 
being denoted by a in Fig. 3 and in the following compari¬ 
son:— 


Tabu IL 


Volume 

ftbfttraotod* 

i 

l 

i 

4m 

18* 

Ms 

Air 

Ratio ■ 

Vapour 

I 

-= 3-23 

*311 

1 

-*386 

26 

1 

-1 

10 

1 

— = -0686 

16 

Temperature 
neo— iary at 
oondonaor 
bottom 

80"F. 

108°F 

112®F. 

11NF. 

Thermal 
Efficnenoy . 

690 

94 

973 

98 "2 


It will be observed fiom the above that if the volume 4r 
of air and vapour is extracted from the condenser the temper¬ 
ature at the condenser bottom will be 108° F., as compared 
with 80° F. for volume 

Since with the common air-pump the temperature of air 
pump discharge is practically the same as that at the bottom 
of the condenser, the latter may be taken in calculating the 
thermal efficiency as has been done for the fourth line in 
Table n. 

The Depression op the Air Pump Suction Temperature 
as in Index of Surface Efficiency. 

Examination of the results of a number of tests on com¬ 
mercial condensers indicate a relation between the heat 
transfer coefficient and the difference between the steam 
temperature at the condenser inlet and the air temperature at 
the outlet. 

The surface efficiency for a large number of commercial 
condensers are plotted against the difference between steam 
inlet and air suction temperatures on Diagram IT. 
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From the inclination of the curve it will be Been that 
the reduction of surface efficiency is more pronounced for 
a small increase in temperature depression when the initial 
depression is small than when it is large. 



Section 11.—Appucation of Steam Jet to Reciprocating 

Am Rump. 

It has been shown that for the maintenance of any given 
vacuum with the ordinary proportions and airangement of 
condenser working in direct communication with an engine 
driven reciprocating air pump a considerable portion of the 
tube surface must be employed in devaporising the non¬ 
condensible gases, so as to give the degree of concentration^ 
necessary to bring them within the volume fixed by the 
capacity of the sir pump. 

The consequent reduction in the amount of surface avail¬ 
able for steam condensation renders it necessary to work 
with a large mean temperature difference between the steam 
temperature and the temperature of the circulating water. 

The usual proportions adopted in practice with ordinary 
wet air pumps regarding tube surface and sise of pumps 
render it impossible to secure the requisite degree of air 
fiouoentration under conditions of high circulating water 
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temperature or Abnormal air leakage, except with a fall in 
vacuum. 

In the system to be described these disadvantages are 
avoided by the adoption of an arrangement whereby the air 
pump is in direct communication with the condetu>et for the 
purpose of withdrawing the condensate only , together with 
the employment of a steam jet of much greater capacity than 
that of any practicable sise of air pump for the extraction of 
the air and vapour. 

A considerable proportion of the tube surface which in 
the ordinary arrangement of condenser would be devoted to 
the work of air concentration is thus made available for 
steam condensation, and permitting of the employment of a 
lower mean temperature difference between the steam and 
the cooling water. 

After withdrawal fiom the condenser by the steam jet 
the air is further devaporised in a small jet condenser 
supplied with cooling water from the hotwell and finally 
withdrawn by the air pump for expulsion to the atmosphere 
in the ordinary way. 

The vacuum in tho system will therefore principally 
depend upon the amount and temperaluie of the air passing 
to it, but since there is no diiert communication between 
the air pump and condenser the vacuum in the main con* 
denser is independent of that in the au pump system. 

The reduction in the quantity of cooling water required 
at normal temperatures together with the flexibility of the 
steam jet as an air withdrawer provides the system with a 
reserve of capacity which enables an economical degree of 
vacuum to be maintained under conditions of high oircu* 
latiag water temperatures or abnormal air leakage. 

The steam supply for the steam jet may be obtained by 
diverting a portion of the exhaust steam from the centrifugal 
circulating pump engine, and as the whole of the heat eon* 
tained in this steam is conserved in the feed water the use 
of the steam jet does not entail any thermal loss. 



DIAGRAM V 
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Detailed Description of ah Installation. 

Referring' to diagram v., A is the main communication 
sluice valve which is kept closed when the steam jet is in 
operation, thus isolating the air pump from direct com¬ 
munication with the condenser as regards air and vapour 
extraction. 

Air and vapour are continuously withdrawn from the 
condenser by a steam jet at B and discharged into the small 
jet condenser G where the steam is condensed by direct con¬ 
tact with cooling water drawn from the hotwell. 

The air is then extracted from the jet condenser C by the 
air pump and discharged to the atmosphere. 

The condensate meanwhile passes down pipe ,D and is 
transferred to the air pump through the water sealing loop E, 
the balancing column of water F being maintained in pipe 
R by the difference in pressure between the air pump suction 
and the condenser. 

It is possible (within the limits of the available height 
for this balancing column) to make the air in jet condenser 
C at any pressure in excess of that obtaining in the condenser 
which may be dictated by the prevailing conditions of 
operation. 

The supply of steam for the jet is taken from the exhaust 
pipe of the centrifugal circulating pump engine, the 
remainder of the exhaust steam being passed into the 
auxiliary line through the spring loaded valve G whereby a 
constant back pressure of 10 lbs. » maintained at the 
'irculating pump quite independent of any fluctuation of 
pressure of the auxiliary exhaust steam. 

The chief objects of the above method of operation are:— 

(a) To appreciably reduce the amount of tube surface, 
by eliminating the inactive sone. 

(b) To relieve the condenser of the maximum of vapour 
consistent with the heat absorbing capacity of the water 
sprayed into the secondary condenser. 

(c) To bring the temperature of the condensate and 
the temperature corresponding to the vacuum at the point of 
withdrawal to approximate equality under working con* 
ditions. 
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The temperature of condensate cannot exceed the 
temperature corresponding to the vacuum, but provided 
the disposition of tube suiface is well considered that the 
condenser of such design to facilitate air concentration and 
the air extracting apparatus of sufficient volumetric 
capacity, it is possible for the condensate to be within 
1° F. of the vacuum temperature. 

(d) To withdraw from the condenser a largo weight 
of vapour per lb. of air, the heat in this vapour to be 
absorbed by the feed water instead of being transferred 
to the circulating water and wasted. 

Analysis or Results Showing Coicpabison B e twe en 
Withdrawing Capacity of a Straw Jet and Recipro¬ 
cating Air Pump. 

The author has carried out a large number of experi¬ 
ments for the purpose of comparing the relative air-with¬ 
drawing rapacities of steam jets and air-pumps. In 
presenting here the results of some of these experiments, 
the effective volume of the reciprocating pump per stroke 
is taken as the volume of bucket displacement less the 
volume occupied by the condensate. For comparing the 
performance of the steam jet with the reciprocating pump, 
an effective efficiency has been adopted. This is defined 
as 

Yol. withdrawn by steam jet per unit time. 

Displacement Yol. of air pump per unit time. 

For the sises of steam nossles experimented with, the 
effective efficiencies at any air pressure were practically 
constant; also the yolumetric efficiencies of this type of 
reciprocating air pump are practically independent of their 
sise. The results of the tests can therefore be exhibited as 
in Diagram YI. 

On this diagram the efficiency is plotted against the 
air pressure. 

The inclination of the efficiency curves for the pump 
is directly opposite to the efficiency curve for the steam 
jet, the volumetric efficiency of the steam jet increasing 
when extracting the air at the lesser pressure, whilst 
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the volumetric efficiency of the wet air pump rapidly 
decreases. 

These curves show the range of pressure in which 
either method of air extraction may be used to advantage. 

It is evident that the steam jet should be used for the 
purpose of extracting air at extremely low density, and 
the reciprocating pump for a higher density. 

The following (see Diagram YI.) indicates what may be 
done m practice, the steam jet extracting air and vapour 
at an air pressure of -2 inches absolute, compressing the 
mixture to an air pressure of 4‘36 inches absolute, and 
discharging into the jet condenser. 

The reciprocating pump withdraws the air from the 
jet condenser at 4 30 inches absolute and discharges 
to atmospheric pressure. By this means the highest 
portion of the efficiency curves of both air extracting 
devices is made use of, the steam jet working at 800 per 
oent. effective efficiency, and the reciprocating air pump 
working at 90 per cent, efficiency. 

It will be observed from the diagram that to produce 
’2 inch absolute pressure of the air by means of the 
reciprocating pump, the pump would be working at 10 
per cent, volumetric efficiency whilst the steam jet may 
be employed at 800 per cent, volumetric efficiency at this 
air pressure. This means that the steam jet is actually 
removing. 80 times that volume of air and vapour from 
the condenser which the reciprocating pump could remove, 
or conversely if the steam jet were replaced by a 
reciprocating pump, the capacity of the pump must be 
increased 80 times. 

Section III.— Practical Application op this Method nr 
Cargo Vessel. 

Comparison op Performance op Condensing Plant Pitted 
with Combined Steam Jet and Reciprocating Air 
Pump System and Condensing Plants op Ordinary 
Design as Installed in Cargo Vessels. 

''The results given in Table III are obtained from an 
ordinary cargo vessel engine, the condenser having eq. 
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ft. of cooling suiface pei and the aii pump capacity 

being ^ that of the low pressure cylinder, the condenser 
and air pump being of ordinary design. 

The 1 exults given in Tables IV and Y are obtained 
from an engine oi similar general design and power. 
The condenser of this engine has 1 sq. ft. of cooling 
surface per I.H.P. and is fitted with the steam jet and 
reciprocating air pump system similar to that shown on 
Diagram Y. 

Results from ordinary cargo vessel fitted with ordinary 
wet air pump (Edwards type): — 
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Results from ordinary cargo vessels fitted with combined 

teciprocating air pump and steam jet: — 

Indicated horse power of main engines =* 2,800. 

Cooling surface in condenser=»2,300 square feet. 

Air pump (single barrel) —21 inches x 24 inches. 

x 41 x 68 
Cylinders- 

Ratio of air pump capacity to L.P. cylinder 
capacity 
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The results shown in Tables III, IT, and V are taken 
from sister ships by the chief engineer of each respective 
ship. It will be noted that the data has been taken on 
successive days during a voyage, thiB accounting for the 
variation in the sea temperature, t.e., the inlet circulating 
water temperature. 
























































































It is considered that the “ surface efficiency ” defined 
as the ratio 

Temperature of circulating water outlet, 
Temperature conesponding to condenser vacuum, 
is the real measure of performance 

The average fall m temperature from the top to the 
bottom of the condenser is only 5° F and 1 6° F (Tables 
IV and V) with the combined steam jet and reciprocating 
pump system, whilst with the ordinary system the fall in 
temperature is 31° (Table III) 
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TIIE CONCEPT OF BEHAVIOUR FROM THE 
STANDPOINT OF BIOLOGY. 

By F W FLATTELY 
[Read December, 1030] 


The tendency of the present-day biologist to study 
animals* in relation to their normal environment, and not as 
isolated units, hafl greatly influenced his attitude towards 
the problem offered by their activities. It has led him, in 
particular, to recognise the importance of environmental 
factors in governing animal actions and reactions, and 
hence to the conclusion that much cun be learnt about them 
by the employment of puiely objective methods, with¬ 
out reference to considerations of “ mind,” “ motive,” 
“ consciousness,” and the like. 

In addition to the influence of the ecological method of 
inquiry, the extremes to which anthropomorphic interpre¬ 
tations were so often pushed, and the complete disregard 
of the profound differences in the nervous organisation of 
higher nnd lowei forms, also helped to bring about a 
reaction. This is, however, by no means the first time 
that a levolt from the older viewpoint has occurred. Thus, 
m France, the extreme anthropomorphism of Montaigne 
may be said to have provoked the pronouncedly mechanistic 
theories of Descartes. Again, the outbreak of anthropo¬ 
morphism which followed, curiously enough, the careful 
and valuable observations of Reaumur, led to the 
appearance of an opponent in the person of Lamarck who 
questioned the statement that the functions of the brain 
are of a different order from those of the other organs of 

* Sines no ont doubts the adequacy of the objective method to 
■apply en explanation of plant behaviour a discussion of this hr s a sh 
of the subject is on necessary to oar present purpose 
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the body, and saw in the term etpnt, for instance, merely 
a device to evade difficulties, which, it was found impossible; 
owing to ignorance, to Burmount legitimately. In his 
stand against anthropomorphism, and in his objection to 
terms which have their counterpart in expressions such as 
“ psychic ” and the like Lamarck may be regarded as the 
forerunner oi the modem behaviourist (Bohn, 1911). 

The term “ behaviour ” would seem to owe its incep¬ 
tion in biology to nothing more than the reluctance felt by 
a certain class of workers to make use of words which have 
a metaphysical flavour. It would now, however, appear 
to have acquired a more preoise significance, since a school 
of “ behaviourists,” headed by Prof. J. B. Watson, has 
arisen with the intention of applying to the study of man's 
reactions the same objective methods which have been 
employed by the biologist. 

The task that has been set the writer is that of discuss¬ 
ing the concept of behaviour from the biological point of 
view Unfortunately, however, biology or, at any rate, 
the biologist has no precise viewpoint. Biology numbers 
in its ranks woikers, such us Jacques Loeb and Hans 
Driqpch, who stand at opposite poles in this matter. 
Peihaps it would be mate coireot to regard the one as a 
physiologist and the other us a philosophei, but it is certain 
that they would consider themselves (and rightly so) 
biologists. The wntei, therefoie, cannot claim to state 
the views of biology as a whole, foi the teim is far too 
comprehensive, but merely those of that section which 
regards the methods of exact science as most likely to shed 
real light on the problem of animal behaviour, and which 
is of Loeb’s opinion (1918) that since we know nothing of 
the sensations of the lower animals, at any rate, and are 
quite incapable of measuring them, there is at present no 
place for them in science. 

By emphasising the necessity for employing the methods 
of exact science, the behaviourist does not mean to rule out 
speculation, but he demands that the speculations should be 
formulated in suph terms as to allow of their being tested 
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by the methods of experimental science. This is a point 
rightly emphasised by Prof. Watson. 

At this point probably the best method of enlisting 
support for the behaviourist will be to bring forward one 
or two examples of what the objective method has already 
achieved in the field of animal conduct. Before doing so, 
however, we must draw attention to a very important 
divergence of opinion among those biologists who would 
probably also call themselves behaviourists. This has Its 
origin in the fact pointed out by Loeb (op. nt.) that many 
biologists still cling to the view, a legacy from Aristotle, 
that an animal moves only for a purpose: either to look 
for food or to find a mate or to undertake something likely 
to secure the survival either of the individual, or of the 
race. Heie again, the writer shares Loeb's opinion that 
“ science began when Galileo overthrew the Aristotelenn 
mode of thought and introduced the method of quantitative 
experiments which leads to mathematical laws free from 
the metaphysical conception of purpose,” and that “ the 
analysis of animal conduct only becomes scientific in so tar 
8s it drops the question of purpose and reduces the 
reaction of animals to quantitative laws ” (Loeb op. cit.). 

From this point of view, the drawback to Jenning’s 
(1906) “ trial and error ” theory, which has acquired a very 
considerable vogue, is that it is baaed essentially on the 
purposive conception of behaviour. The merit of Loeb, 
on the other hand, is to have avoided this bias and to have 
attacked the subject of behaviout with an open mind. As 
a leault he has been able to formulate the first theory of 
animal conduct capable of being tested experimentally, 
vis., the tropism theory. 

A tropism—the term has long been familiar to plant 
physiologists—is an obligatory response under the direct 
compulsion of an external stimulus, as when a moth Aim 
into the flame of a candle. The stimulus need not be 
provided by light; similar reactions occur in relation to 
(gravity (freotropum), contact (ttercotropism), chemical 
substances (chemotropiim) and so on. Hie explanation of 
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this type of behaviour it based on the symmetrical struct ore 
of the animal, symmetrical not only as regards structure 
but physiologically as well “ inasmuch as under normal 
conditions the chemical constitution and the velocity of 
chemical reactions are the same for symmetrical elements 
of the body surface, e.g., the sense organs ” (Loeb op. cit.). 
When a sense oigan of one side is stimulated and not the 
corresponding one of the other, as when light strikes one 
of the eyes, the physiological symmetry of the brain is 
disturbed and this disturbance being communicated to the 
muscles of the more illumined side they are thrown into a 
state of increased tension. The effect of this m to cause the 
animal to turn head and body until both eyes are equally 
illuminated when, the physiological symmetry being 
restored, the animal proceeds m a straight line towards the 
source of light. It is inaccurate to speak of a tropiam as 
a reflex act. Reflex movements concern part of the body 
only, moreover they depend upon a particular arrangement 
of nervous units. 

An important feature of tropisms is that they may be 
modified or even completely >evened by changes in the 
external medium. Thus, it is sufficient to add a little C0 a 
to the water containing certain negatively phototropic 
Crustacea (species of Daphnta) to cause these animals at 
once to turn towards the light. 

Now, this fact, according to Loeb, is capable of 
shedding new light upon the type of behaviour known as 
instinctive, and if such is the case then this distinguished 
worker deserves our thanks, for it is notorious that while 
biologists and otheis have spent a considerable amount of 
time in extolling the wonders of “ instinct,” they have 
apparently thought it either useless or beyond their powers 
to subject them to scientific analysis. 

The view put forward by Loeb (op. eif.) is that the. 
theory of tropisms is at the same time the theory of instincts 
if one takes into consideration the part played by chemical 
substances in modifying the tropistio responses, Reference 
has been made to the reversal of the behaviour towards 
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light of certain freshwater Crustacea by C0 a . Now, it is 
well known that the body itself produces from time to time 
chemical susbtances known as hormones, and these may 
influence responses in just the same way as does the CO a 
in the case of the Crustacea, since, as Loeb points out, it 
makes no difference whether such substances as acid are 
introduced into the blood from within or without the body. 
Let us borrow a favourite example of Loeb’s. The butter¬ 
fly Porthesia chryaorrhaea lays its eggs upon a shrub. 
The larvae hatch out in Autumn and hibernate on the 
shrub, usually close to the ground. In Spring the cater¬ 
pillars leave their self-constructed nest and crawl up the 
stem to feed on the young plant buds. Should they crawl 
downwards they would starve, but they never do crawl 
downwards. What is the cause of this remarkable 
behaviour ? According to Loeb, the upward movement of 
the caterpillar is due solely to the influence of light upon 
the physiological processes taking place within the body. 
These processes, acting in relation with the symmetrical 
structure of the animal, bring about a movement directly 
towards the light. In other words, the larvte on becoming 
active after their winter rest are positively heliotropic. 

As soon as the caterpillars have eaten the few young 
shoots at the top of the plant, they at once turn downward. 
The upward tendency which at first saved the animal’s life 
would now, if persisted in, lead to its downfall. What 
brings about this remarkable change of behaviour? Simply 
the fact that the process of feeding has effected changes in 
metabolism which result in the animal becoming 
indifferent to light; these chemical changes, in fact, 
abolish the heliotropism just as the C0 a arouses positive 
heliotropism in the case of the small freshwater Crustacea. 

Experimental confirmation of the above facts may be 
obtained by placing starved and fed caterpillars of this 
species in separate test-tubes and submitting them to the 
same source of light. The unfed caterpillars will make 
their way towards the light and stay there while the fed 
one's remain completely indifferent. 



In connection with this interpretation of instinctive 
behaviour it ia interesting to remark on the view which is 
now beginning to be held, that the main factor concerned 
in the spawning migrations of fishes, such as the salmon, 
is a chemical substance or hormone. In tact, a recent 
scheme of Professor Meek’s for the investigation of the 
salmon of the Coquet provides for the possible isolation of 
such a hormone. It is thus becoming evident that the fact 
that an action or series of actions is “ instinctive ” need not 
prevent our attempting its analysis by objective methods 

In the course of an informal conversation upon the 
subject of behaviour with Prof. Hoernl6, the latter asked 
the writer whether or not he thought a higher animal such 
as a cat or a dog capable of “ learning ” and what place 
would the term “ learning ” take in a scheme of objective 
psychology. The writer xeplied that he thought it certain 
that animals such as those mentioned were capable of 
learning, and in precisely the same sense that we interpret 
that process in ourselves. But it is evident on the other 
hand that the term “ learning ” requires to be employed 
with very considerable care Tt is not, strictly speaking, a 
scientific term: we have very little conception of the 
mechanism of learning; we know, foi instance, that in 
ourselves and in the highest types of animals it is 
associated in some way with the cerebral hemispheres. But 
how far is it possible to he sure that what we call learning 
in man and in the highest animals and what has been 
called learning in forms such as anemones, sponges, and 
even Protosoa belong to the same order of phenomena? 
When a piece of meat is placed upon the tentacles of a sea- 
anemone several times in succession, the tentacles on each 
occasion give a characteristic enveloping reaction. If, 
now, a piece of blotting paper is substituted for the meat 
the tentacles at once react in the same way. But if one 
continues to offer the anemone blotting paper instead of 
meat the tentacles eventually cease to give the reaction. 
Pan the anemone now be said to have learnt? 

When a muscle is stimulated several times in succession 
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the effect of the second or third or later stimulation may be 
greater than that ol the first, but gradually the response 
weakens and eventually it becomes aero. In this case no 
one feels the necessity of giving other than a physico¬ 
chemical explanation, and in fact such a one is soon found 
in the varying degree of hydrogen-ion concentration. But 
may not the behaviour of the anemone be due to analogous 
causes, and is it not the duty of science to exhaust such a 
possibility before taking refuge in transcendentalism? 

Leob thinks that we can speak of learning only in such 
organisms in which the existence has been proved of what 
he terms “ associative memory,” and this theory has been 
developed by Bohn (1909-1911). The term memoiy is 
likely to prove equivocal, but the business of a behaviourist 
is to make himself understood, and it is not his fault if the 
whole of language is saturated with human meaning. By 
“ associative memory ” is meant “ that mechanism (of 
which we are so far ignorant) by which a stimulus produces 
not only the direct effects determined by its nature, but also 
the effects of entirely different stimuli which at some former 
period by chance attacked the organism at the same time 
with the given stimulus.” Everyone has experienced the 
power of a particular odour, for instance, to call up with 
great vividness a whole number of circumstances which 
impressed him at the same time as the odour. 

Experimental evidence has been obtained of the 
existence of “ associative memory ” in certain species 
among vertebrates, insects, Crustacea and cephalopods, but 
so far experiments have not demonstrated this phenomenon 
in worms, starfishes, sea-urchins, medusa, hydroids or 
infusorians* (T<oeb, op. ctt.). In particular, it should be 
noted that the appearance for the first time, in the higher 
Crustacea, of a perfected visual (image-forming) organ, 
meant a great addition to the number and variety of 

* la order to obtain aa insight into the methods by whioh the 
strength of sneh associations may bs measured, reference should be 
made to an Sbconnt of Parlor’* salivation experiments. The original 
papers are in Uueaian but a summary will be found in Morgulis (see 
bibliography) 
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elements capable of entering into combination with one 
another to bring about a particular reaction or seriee of 
reactions. The fart that such combinations are numerous, 
complex and flexible (capable of being modified in a new 
environment) means that the behaviour tends to become 
less predictable and more “ intelligent.” 

The same objections that have been urged against a too 
ready employment of the term “ learning ” apply with 
even greater force to the term “ choice.” Crabs of the 
genus Mam , which have the habit of coveting their carapaces 
with red, green and brown seaweeds, etc., when placed in 
an aquarium where the illumination is of different colours 
will make their way to that portion where the colour of the 
light best matches that of the seaweed on their backs, and 
where they are in consequence least conspicuous. 

In a case such as this the justification for endowing the 
animal with the power of choice is, even on the most 
generous view, so exceedingly slender as to make it a duty 
on the part of the observer first to exhaust all the means at 
his command of obtaining an objective explanation before 
bo doing. 

The view which the writer is endeavouring to put forward 
is that of the scientist who naturally wishes to apply to 
the problem of animal conduct the same objective and 
essentially quantitative methods which he has employed so 
successfully elsewhere. The behaviourist is in revolt 
against words which are likely to serve as a refuge from 
ignorance and against explanations of a nature which 
precludes their being tested experimentally. In the 
vocabulary of the psychologist there are words with a 
capacity for cloaking difficulties which can only be 
described as remarkable. Such a word, for instance, is 
“ instinct.” Of course, we should all know that 
“ instinct ” is merely ft convenient term to describe an 
inherited capacity to perform a complicated aotion 
accurately at the first attempt, and without apprentice* 
ship, nevertheless, the fact remains that by hundreds of 
thousands of human beings the term instinct is accepted 
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as providing an adequate explanation of all kinds of 
striking forms of behaviour, such as the migmtions of 
birds and of fishes, the comb-building of bees and wasps 
and ho on. It cannot be made too clear that the word 
“ instinct 99 really explains nothing but iH merely descrip¬ 
tive of a certain class of behaviour. Even as a descriptive 
term it is often misapplied. 

The term “ purposive 99 has perhaps more raison d 9 Stre 
than many others, but is hardly less dangerous. It is not 
denied that a very great many activities of both higher and 
lower animals appear to be directed towards a particular 
end, but is it really a satisfactory explanation of these 
activities to say that they are “ purposive? 99 Presumably, 
when a biologist calls an animal action or structure 
purposive he is, more often than not, at the same time 
tacitly asserting his belief that it has been developed under 
the influent*© of Natural Selection. If this is so, then his 
explanation is a degree more satisfactory than that of the 
Aristotelian pure and simple, for he is describing, or at 
least delimiting, the factors which he supposes to have 
produced the behaviour or structure under consideration. 
Furthermore, they are factors which can be investigated— 
not metaphysical abstractions. 

While admitting so much, however, the writer still 
holds that the teleological argument is somewhat of a 
nuisance in biology. Tt seems to have its reflection; for 
instance, in a tot) facile interpretation of the theories of 
Darwin; in an insufficient scepticism; in the readiness, for 
example, to interpret a structure or a piece of behaviour 
as adaptive, without experimental proof. Is it because 
the basis of our present human society is so pre-eminently 
utilitarian that an explanation based on “ purpose ” has 
such an irresistible appeal? One of the questions which 
the ordinary layman puts most often to the biologist is 
what is the use of such and such an animal? u What 
is the use of a barnacle? 99 I confess that this is a 
question which I am puuled to answer. I can sketch 
the petition of the barnacle in the “ web of life,” indicat* 
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ing its food rad its enemies, but this is not what was 
wanted. Perhaps the best retort is another question: 
“ What do you consider to be the use of pian? ” The truth 
of the matter is that the form of the question implies a 
wrong outlook on life, one which it is the duty of the 
biologist to correct. 

Like all those who disturb long-held beliefs, the 
behaviourist is the victim of much misunderstanding and 
misrepresentation. His attitude towards most of the 
dogmas of classical psychology is not one of denial but 
merely of agnosticism. It is impossible to deny that 
before the advent of the behaviourist theie was no science 
of animal conduct. Human and animal psychology were 
one, since all animals possessed minds and were actuated by 
whatever “ motives 99 and “ emotions 99 the human 
observer chose to endow them with. Biology is under a 
debt to the behaviourist for having pointed the way to 
impersonal and more truly scientific methods of analysing 
and interpreting animal conduct. 
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THE CONCEPT OF BEHAVIOUR FROM THE 
STANDPOINT OF PSYCHOLOGY 

By ARTHUR ROBINSON DCL 
[Read Deoember 1090 ] 

Mv task would be all the easier if Behavioui ists had 
all displayed the same scrupulousaess in the use of terms 
which I find in Mr Flattely’s paper If the terms 
‘ learning,” " memory, ’ “ choice ” are not to bear their 
ordinary psychological sense it would be infinitely wiser 
to discard them, and in their stnct sense the Behaviourist 
is not entitled to use them, nor does he need them unless 
it is to escape unconsciously from the limits of his initial 
abstractions However I must leave it to the biologist to 
argue the case between the notions of behaviour and tnal 
ind-error in his own field The obvious first question for 
the psychologist is whether mind means anything in man 
We have then to consider, (a) the main theses of 
Behaviourist psychology (b) its claim to dispossess the 
traditional view, and meet the problems which must be 
considered characteristic of any enquiry which can fairly 
be called psychological 

(a) There are several types of Behaviourism According 
to some, behaviour is only a portion of the field of 
psychology, according to others the whole of it Further 
differences arise as it is held necessaiy or unnecessary to 
study the matter from a philosophic standpoint, and give 
a place to the findings of psychology in a reasonably 
coherent theory of things so far as we know them—ap enter* 
prise on which, I suspect all of us do m fact venture, some 
wittingly, others unwittingly Our present discussion will 
be limited to Scientific Behaviourism, according jo which 
the task of psychology is the prediction and c<mtrol of 
behaviour—just that and nothing more My account of 
this position is taken from two books by Professor John B 
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Watson,* in which his fundamental principles are stated 
with admirable Clearness and precision. And the upshot is 
this. 

The subject matter of Psychology is “ environmental 
adjustment; what man ran do apart from his training; 
what he can be trained to do, and whut the best methods 
for training are; and finally, how, when the varied systems 
of instincts and habits have sufficiently developed, we can 
arrange the conditions for calling out appropriate action 
upon demand.” (F., p. 9). “ In each adjustment there is 
always both a response or act and a stimulus or situation 
which calls out that response. Without going too far 
beyond our facts, it seems possible to say that the stimulus 
is always provided by the environment, external to the 
body, or bv the movements of man's own muscles and the 
secretion of his glands; finally, that the lesponaes always 
follow relativelv immediatelv upon the presentation or 
incidence of the stimulus. These are really assumptions, 
but they seem to be basal onee for psychology. Before we 
finally accept or reject them we shall have to examine into 
both the nature of the stimulus or situation, and of the 
response. If we provisionally accept them we may say that 
the goal of psychological study is the ascertaining of such 
data and laws that , given the stimulus , psychology can 
predict what the response will he; or on the other hand t 
given the response , it can specify the nature of the effective 
stimulus (P., pp. 9-10). The terms Stimulus and 
Response are used in their physiological sense; Situation 
means a complex group of stimuli, adjustment , response 
and reaction are, with Professor Watson, practically 
equivalent terms (P., p. 12). Behaviour is therefore 
physioo—chemical change, and is either explicit or implicit. 
Explicit behaviour “ involves the larger musculature in a 
way plainly apparent to direct observation”; implicit 
behaviour involves “ only the speech mechanisms (or the 

* Behaviour, an Introduction to Comparative Psychology, Mew 
York, 1914 (B); Psychology from the Standpoint of the Behaviourist, 
Landes, 1919 (F). 
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larger musculature in a minimal way; e*g. f bodily 
attitudes or sets). Where explicit behaviour is delayed 
(«.e M when deliberation ensues) the intervening time between 
stimulus and response is given over to implicit behaviour 
(to “ thought processes.") (B. p. 19).* 

Mental imagery is held to be practically non-existent, 
affective processes to be simply muscle and gland activity, 
and with all this the occupation of introspective psychology 
seems to vanish. 

" Will there be left over in psychology a world of pure 
psychics, to use Yerkes’ termP The plans which we most 
favour for psychology lead practically to the ignoring of 
consciousness in the sense in which that term is used by 
psychologists to-day. We have virtually denied that this 
realm of psychics is open to experimental investigation. 
We do not wish to go further into the problem because its 
future rests with the metaphysician. If yon will grant 
the behaviourist the right to use consciousness in the same 
way that other natural scientists employ it—t.e., without 
making consciousness a special object of observation—you 
have granted all that our thesis requires." (B. p. 26). 

Thus, just as the behaviour of animals can he studied 
without reference to their “consciousness, 0 so can the 
behaviour of man without refeience to liis. In a word, the 
student of human psychology must take up precisely the 
position which Mr. Flattely has sketched as appropriate 
to the biologist in the study of animal life. 

(&) It appears that the Behaviourist and the “tradi¬ 
tional ° Psychologist are asking different questions, and 
that the former flouts the latter for his quite natural failure 
to solve a problem which he never attacked. We may 
entirely agree that the physico-chemical responses of the 
human organism form excellent subject-matter for a 
scientific enquiry. It does not therefore follow that there 

* Professor Watson now holds that thinking is not mstaly ths 
action of spsoeh-moohanisms. " A whole man thinks ijith his whole 
body in aaea and in ovary part.” British Journal of Psychology, toL 
XI, PI. I « * 
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cannot be a science of minds. Tet we are told snch an 
enquiry belongs to the metaphysician, and this we should 
have to accept with the same feelings as a promise of 
payment at the Greek Kalends, for plainly relegation of a 
question to philosophy and metaphysics means with the 
majority of Behaviourists perpetual banishment beyond 
hope of solution.. Though this again does not follow. 
Plainly there can only be a science of minds if (a) there 
are minds, and (b) knowledge about them be possible. It 
may help to consider what would seem to be the facts in 
regard to these points. Bnt as a preliminary it will be 
necessary to refuse to ignore the agent’s awareness of bis 
own mind-field; in other words, to have recourse to the 
consciousness of the agent, as well es that of the investi¬ 
gator. For Psychology differs from Behaviourism in this 
vital point, that for the psychological enquiry an essential 
question is. Of what is the agent conscious P This question 
the Behaviourist need never ask. Hence it is that 
Behaviourism should never claim to replace psychology. 

It may be objected that I have merely re-introduced 
introspection thinly disguised in a, phrase. I do not like 
the term introspection and its Cjptytroveroial implications. 
All that is required for the present contention is that there 
should be conscious beings, and that they should be able to 
say of what they are conscious; and these facts nobody will 
deny. But where is there any serious proof that it is 
unscientific or irrelevant to the “ prediction and control 0 / 
human behaviour” to take into aocount the consciousness 
of the agent? Nothing mvstical or metaphysical is 
claimed. On the contrary, it is maintained that gu4 
knowing there is no difference relevant to science between 
knowing that 1 have a headache and that I have a hat. To 
this extent therefore Psychology must be “ introspective.” 

There need be nothing ” metaphysical ” in the notion 
of a mind, so far as snch a notion is necessary for a 
Psychology which claims to be a scienoe of mind. No one 
ceres to deny the existence of consciousness in tile sense of 
awarenesg^ and in that sense only do I use the term, fetor 
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a# Professor Ward says, the “ manifold ambiguities ” of 
the term “ consciousness ” are something of a scandal. 
(Principles of Psychology, p. 21). Every conscious being 
is an exponent and the unity of a mind is simply the 
unity of different modes of experience (sensing, perceiving, 
inferring, hoping, fearing, Ac) in an individual whole. It > 
is true that this unity is tut generis and cannot be exhibited 
as a spatial and physical system, but it is not “mystical/* 
nor does it imply any “ ghost-theory ” as some Behaviour¬ 
ists most strangely suggest. It is implied in principle in 
the simple fact that there can be no inference unless both 
premises and conclusion fall within one and the same mind, 
or that there can be no disappointment unless the mind 
which feels it be the mind which had hoped.* s 

Such is the field of the traditional Psychology. It 
presents a genuine problem but Behaviourism does not 
touch it. 

Behaviourism will be right in ignoring mental processes 
on either of two suppositions, (1) if there are no mental 
processes, (2) if, though mental processes exist, they make 
no difference. The first alternative can only be taken at 
the expense of asserting the bare identity of an emotion of 
fear, for example, with a bodily change involving the 
activity of muscle and gland, and saying that they are 
one and the same event. Such activities may be conditions 
of, or factors in, an emotional experience, but they cannot 
be the emotion. Nor can the emotion be merely the aware* 
ness of such bodily processes: men feared for ages before 
the action of the endocrine glands was known. It is only 
by a series of convulsive efforts that the Behaviourists can 
endeavour to ignore the specific qualitative difference 
between such experiences as fearing, hoping, Ao., and their 
undoubted bodily concomitants. Witness the strange 
definition of curiosity as “ investigatory behaviour/* Host 
can behaviour be “ investigatory,” unless the agent want! 
to know something P Similarly thinking cannot be resolved! 
into “ implicit behaviour,” conclusions do not follow frop, 

* Sss Stoat’s Ifeaasl of Psyofcotogy, Oh. Hi, IM> * A 
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premises according to physico-chemical laws. If the 
Behaviourist could overcome his dread of the introspective 
find the subjective, it would be interesting to hear from 
him what is implied in addressing arguments to those who 
differ from him. Are the arguments merely marks on 
paper or noises of a certain pattern and sequential order ? 
And keeping within the abstractions of the theory, what 
would be the difference in the marks and noises of one 
converted to Behaviourism and of an unrepentant tradi¬ 
tionalist P For, ex hypothen , in each case the consciousness 
of the agent counts for nothing. This brings us to the 
second alternative, we.: that though mental processes exist, 
they make no difference to behaviour. But this is simply 
epiphenomenalism—a position as repugnant to the 
Behaviourist as to most other people, and if anyone 
believes that consciousness is no use, it would be the height 
of ineptitude to reason with him, for the simple reason 
that, if it be true, he is not entitled to affirm either this or 
any other proposition. 

In short, my position is that Behaviourism is not and 
oannot be Psychology; each tackles a different problem. 
Behaviourism has before it n perfectly definite scientific 
question the answer to which is not yet worked out, but the 
enquiry and its result beur undoubtedly on the findings of 
Psychology, which science has still a long way to go 
largely because other sciences have endeavoured to impose 
on it their own categories and methods. 
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THE CONCEPT OF BEHAVIOUR FROM THF 
STANDPOINT OF APPIIED PSYCHOLOGY 

By OODiBEY H THOMSON 
l Head £>• ember 1030 ] 

Ihe intei eeting papeia of Mr Flattely and Professor 
Robinson reach me at a time when the pressure of official 
duties forbids me to do moie than express crudely the point 
of view which I feel somewh it keenly and which I would 
have liked had it been possible to expound with the care 
which its importance I believe warrants lhis point of 
view is that held by many of those who wish to use the 
teachings of psychology to enable them the better to 
influence their fellows to handle men to control 
classes of boys to manage workmen even to sell goods to 
the great British public 

Of these I will confine myself to the class for whirh 
alone I am in some measure competent to speak those 
engaged in teaching children All whose duty it is to train 
teachers recognise that the problem is almost entirely a 
psychological one and m consequence lectures and exercises 
on psychology have for years been given in training colleges 
and in education departments of university colleges The 
position I wish to uige is put somewhat forcibly more 
forcibly than I would care to defend in its entirety when I 
say that it is my belief that this teaching of psychology in 
training colleges has been of use to teachers m exact pro¬ 
portion to the extent to which it has approached the 
Behaviourist attitude and in inverse proportion to the 
extent to which it has dung to the metaphysical side of 
psychology I repeat that I give this as an extreme state¬ 
ment of the case and one to which I shall myself in a later 
pangraph take exception but it is useful to have one's 
general position clearly put in its naked form et the outset 
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All who have studied the question will agree that them 
exist English textbooks of psychology which are among the 
best of their kind and are accurate and lucid statements of 
the truths of psychology from the point of view which may 
be called the classical or legitimate Many teachers have 
daring their period of training studied theee textbooks, 
and some of them have even become interested in the 
problems therein considered and contributed somewhat to 
the progress of the discipline But it would be difficult to 
find many or any who would give it as their honest 
opinion that such psychology has in the slightest degree 
helped them in their work of teaching One finds, indeed, 
among teachers the remarkable fact that they have studied 
psychology and still remembei some of the technical 
language of the subject but find it ot no use while on the 
othei hand as successful tea< hers many of them dearly have 
a considerable body of psychological knowledge at command 
which they do not recognise as psychology and which they 
can only express mwhat is I claim essentially the language 
of Behaviourism even though it be impregnated with 
anthropomorphic terms The teacher knows that if a boy, 
or a whole class acts in such and such a way, then by 
making such and such changes m the situation the teacher 
can with frequent success control the actions of the class or 
the individual He becomes expert at making theee 
adjustments and formulates usually some incomplete but 
practical theory to assist him m integrating his devices in 
his own mind Such theories are indeed often as I have 
said expressed m terms of the mind of “ faculties ' which 
even the classic psychologists themselves reject and 
generally in the jargon of a psychology compounded of 
popular language and the technical terms of an old text- 
nook But m spite of this the psychology of the average 
leacher, with whioh he works and in some cases sucoeeds, 
is I claim more Behaviourist than not 

Moreover, I have repeatedly found that teachers who 
Ire impatient or derisive when orthodox psychology w 
Concerned listen willingly and with interest to remarks* 
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tak e n direct from the writings of men of the Behaviourist 
•hade of thought, although the arch-priests of the 
Behaviourist hierarchy are no doubt almost as repellent 
as are orthodox writers of textbooks Indeed they reoog 
mse at once that this psychology (if it is psychology at all 
us Piofevtoi Robinson would no doubt intei ject) has at any 
rate condescended to come down from the clouds and say 
in plain language what things one has to do or say in order 
to persuade certain of our fellow mortals to act or speak in 
a certain way, and this is essentially Behaviourism No 
doubt, if the new psychology went so far as to deny that in 
this process there was any question of consciousness or 
mind if it refused to take advantage of the many terms 
lying ready to hand which if challenged one has to admit 
do imply the existence of mind and consciousness, the 
teacher would feel again estranged But in fighting this 
particular and extreme brand of Behaviourism Professor 
Robinson is in fact missing the situation as I see it He 
is confining himself to holding np the bodyguard of tbe 
enemy s monarch oblivious of tbe fact that tbe thousands 
who form his mam army are marching on and surrounding 
his position and that presently he will wake up to the truth 
that although he has checkmated the king (he kingdom of 
Behaviourism has come into its own 

The reasons why the teacher who is m practice I con¬ 
tend a Behaviourist would in most cases at once repudiate 
Behaviourism as expounded to him by Professor Robinson, 
are two both founded on the fact that the exclusive 
preoccupation with the Behaviourist point of view tends to 
produce in the student a mechanistic philosophy Now a 
mechanistic philosophy is, I venture to say repugnant even 
to those who hold it inasmuch as it wounds our amour 
propre by denying our freedom of will, and because it 
terrifies us by suggesting that there is nothing more in us 
than that whioh dies when the body u destroyed Those 
men who have in spite of this held an extreme form of 
mechanistic philosophy have done so because another force 
was still stronger the force of what they believed to be 
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logical conviction. 1 think 1 am ught in saying that noona 
who has not gone through'a rigid course of scientific train¬ 
ing, poibisted in for years, can leolice the way in which the 
logical argument in favour of mechanism appeals with 
almost overwhelming force to the mind of such a worker. 
I l ©member to have read somewheie of Huxley’s retort to 
some clergyman who was opposing the view held by him, 
that he too would hold the same beliefs were he to submit 
himself to a three years’ course of biological training. 
Our beliefs are indeed to an extent hardly realised by those 
who have always worked on the one side ot the fence which 
separates natural science fiom the humanities, dependent 
ou our environment and oui customs. There, but for the 
giace of God, goes a philosopher, or a Behaviouristic 
biologist, might with equal reason he said, mutatu 
mutandis, by Flattely and Robinson of each other, might it 
notP With equal reason—and so also might the clergyman 
have retorted to Huxley that a three yean’ coune of slum¬ 
ming with a Gospeller might change his views. And so 
although I think that psychology in order to be useful to 
teachers (and others who have to apply it) must consent in 
large measuie to speak the lauguuge ot Behaviouiism, or at 
least must appeal as much as possible to what can 
obviously be seen and beard of the “ thoughts ” of our 
pupils, yet I do not wish to be, erroneously, associated with 
those who deny mind entirely. I am convinced that they 
only are provoked to do so by distrust of the remarkable 
power of splitting hail's and using vague words which is 
displayed, or so the scientist often thinks, in many philosO* 
phu-ol wilting*—1 trust Professoi Robinson and Professor 
Hoemll will pardon me, for truly the shaft is not aimed et 
them. So often the scientist who is drawn into a philoso¬ 
phical argument finds, in the twinkling of an eye and in 
the turning of a page, that the matter has got beyond his 
ken and indeed beyond all knowing, that it has been lifted 
on to a plane where, he is assured, words, being anthropo¬ 
morphic things invented to describe mere appearances, 
toannot be used except as vague hints towards the tranecen- 



105 


dental argument which is progressing, that he may he 
excused for doggedly refusing to concede the first point 
The teacher wants to know how to deal say with a boj who 
is intelligent but sulky and on turning for help to his text¬ 
book of psychology finds only too often that even the moat 
promising reieiencea in the index turn out to be devoted 
to sue h matters as distinguishing between the satisfaction 
of conation and its object or emphasising the fact that 
self-consciousness falls under the principle of continuity, 
truths not paiticularly helpful to him at the moment 
On the othei hand he will even though he is I claim, 
essentially a Behaviourist in his dealings with hn> pupils, 
be particularly repelled by the refusal of the Behaviourists 
proper to permit him to speak of purpose No word u more 
useful and no idea more important, in teaching or in 
training teacheis than purpose ihe same post which this 
morning has brought me the nianuscupt ot the two pi ©ced¬ 
ing papers of this symposium has brought me an article in 
MS on the Teachiug of Mathematics, by a distinguished 
mathematician and experienced teacher and inspector of 
schools which opens with the sentence “ The basis of all 
good workmanship is purpose ” and I find myself agreeing 
entirely A recent and very welcome book from the pen of 
Professor T P Nunn on the fundamentals of education 
deals almost throughout with the concept of purpose My 
readers will realire from mv appreciation of this that I do 
not march m the ranks of the out-and-out Behaviourists 
Ml that I have urged lieie is that a great deal of pruning 
with the Behaviourist bill hook would be of advantage to 
the health of the psychological tree of knowledge, and in 
particular would enable the applied psychologist to feel less 
acutely the present divorce between theory and practice 



A PHILOSOPHER S COMMENTS ON THE 
BEHAVIOUR OF BEHAVIOURISTS 

Bt B F ALFRED HOEBNL& 

[Hoad Dooembor 19_0 ] 

1 —My conti lbution to the symposium m which. Mr 
Flattely, tind Professors Robinson and Thomson have 
preceded me may be summed up thus Behaviour—yes, 
Behaviourism—no 

I welcome the introduction oi the term behaviour " 
as a most valuable advance, as a return to the concrete from 
what I should call “ abstractions ” and whaL Mr 
Flattely and Professor Thomson call “ metaphysical ” and 
“ transcendental ’ v&pounngs What I reject as 
“ behaviourism ” is the extreme theory which affirms that 
there is no such thing as “ mind,” even in human 
behaviour With Professor Thomson’s “ behaviourism ” 
which concedes that childien and teachem have muds I 
have no quarrel My disagreement with Professor Thomson 
begins when he connects even hw own behaviourism in the 
name of science, with “ mechanistic philosophy/' and 
aocuses those of us who find mechanism inadequate as a 
philosophy, of wounded amour propre, and of having God 
and ltaunortality up our sleeves* Personally, I have no 

* I hope Profenor Hoernld will forgive me if I exercise an editor e 
privilege by add lag this footnote Sinoe I fear that hi* words may 
oonvey to the reader the opposite impression I would like to say that 
I myself do not find mechanism adequate as a philosophy, that I 
myself feel a wounded amour propre at the idea of my action! and even 
my thoughts being predetermined and that I want to olmg to Gad 
and immortality My difficulty the source of mnch mental paw to 
many scientist* u simply that I am led to determinism whenever X 
try to conduct a strut argument with myself If Professor HoemM 
does not feel the dilemma or has solved it, I envy him, but do art 
understand him X think it is insoluble, and find my rehef in Ml a 
confession and a blind h o pa o r faith—that than w light for thoae WbO 
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theological axe to grind in this argument My only concern 
is to save the mechanist from himself—to affirm the 
existence of the mechanist s own mind that mind which 
the mechanist himself uses in the very act of denying that 
he has any such thing 

I am glad to think that I have Mi Flattely on my side 
loi Mr Flattely astuieu us that I oeb attacked the 
subject of behaviour with an open mind I agree that 
Loeb has a mind I do not agree that it is an open one 
Of course to plunge into the study of animal behaviour 
with the naive assumption that every animal is a miniature 
man and then to attribute to animals all sorts of 
puiposes is leckless And to be made aware of such 
uncnticised assumptions is to have one g mind opened But 
Loeb a mind I submit is doted vis closed agamtt 
purpose And note it is closed not because the facte 
positively exclude purpose but because of his ideal of 
teutttfie method excludes purpose I or him science 
means as Mr 1 lattely says reducing the reactions of 
animals to quantitative laws 1 xcellent ideal in itself but 
I am bound to point out (a) that then is nothing in the 
concept of a puiposive atfion which excludes its having a 
strictly determinate quantitative side (e q when I volun 
tanly lift a heavy object the amount of muscular energy 
which I must put iorth is a deteiinmate function of the 
weight of the object and the height to w hich I lift it) and 
(b) that when you make up your mind to look for nothing but 
quantitative laws you will find nothing but quantitative 
laws Hence even if theie were a purpose in every action 
of an animal the mechanist would by hu whole programme 
and method be incapacitated from discovering it I am far 
from saying that all animal behaviour is purpoeive but I 
do say that mechanism is by definition committed to the 
enterprise of thinking in terms only of * matter and 
motion * and that for this very reason it cannot recognise 
anything else in the world But it is one thing to ignore 
mind even where it oocurs because your method does not 
enable you to deal with it It is another thing to deny the 
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existence of minds altogether. As well might a blind man 
deny that there is light lor those who can see. 

Loeb denies even of human beings that they hare 
purposes. Professor Thomson insists that they have. In 
fact, he is a behaviouiist precisely because he is thinking 
of the teacher’s problem of controlling the purposive 
behaviour of children. Now, when one behaviourist rejects 
“ mind ” and “ purpose ” utterly, and the other acclaims 
them, and both do so on the ground of “ science ” and 
“ mechanism,” what, 1 ask you, is the poor philosopher, 
whom both abuse, to think of such behaviour P 

2.—But enough ot dialectics and debating points. It is 
evident that behaviourists themselves are in two minds 
about what “ behaviour ” is. Now, as a philosopher, I 
find the concept of “ behaviour” far too valuable, not to 
oome to its rescue to the best of my powets, when I find 
it thus maltreated by its scientific friends. Let mo, then, 
define the problem as I see it. 

The question for me is: Does any or all behaviour 
involve mind or consciousness P In other words, where, 
if anywhere, are we entitled to say that the behaviour of a 
living creature expresses what the creature feels, peiceives. 
thinks, wills, etc. P 

As a philosopher, having an open mind, t.e., a mind 
open to every datum, hint, or due, which my experience 
anywhere affords me, and refusing to be blinkered by any 
restrictions or taboos (even though they be disguised as 
“ scientific method I seek my answer over the whole 
field of my experience. Science, on the other hand, takes, 
so far as I can see, one or other of two restricted lines, (l) 
It denies outright that there is any such thing as mind in 
the world, on the ground that, in last analysis, everything 
that exists can be exhaustively described in purely physios 
chemical terms. This is the extreme mechanistic position, 
which, in the guise of the extreme type of behaviourism, 
is now invading psychology. Thus, >T. B. Watson, the 
leader of this school, explicitly rejects the terms “ mind.” 
** consciousness,” etc., from psychology, bad expresses the 
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hope that psychology conceived as the study of mind, will 
soon he as defunct as alchemy. (2) Or, more mildly, 
science allows that mind exists hut denies that it can be 
dealt with by scientific methods. 

Now, with this latter position a philosopher need have 
no quarrel at all. For, strictly, it is not a criticism of 
mind, but a self-criticism of science. It is a modest 
acknowledgment of the inherent limitation of scientific 
method. To say that by scientific methods we cannot find 
out anything about the mind, leaves it open to us to tiy 
other methods. But the danger is* that we restrict 
“ knowledge ” to what we can find out by scientific 
methods, and then slip into saying that, because by such 
methods we can know nothing of mind, therefoie theie is 
nothing there to know. 

But, further—and this is perhaps the most important 
point—behaviourists are recruited chiefly from two classes 
of scientists. They either, like Professor Thomson, have 
had a training in physios and chemistry, or else, they are 
biologists, studying by preference non-human animals, if 
not more or less primitive micro-organisms. Now the 
objects which physics and chemistry study have no minds, 
as a rule; or, if they have minds, as when a physical or 
chemical experiment is made on a living human being, 
their minds are ignored as irrelevant. Again, in oiology, 
the further away from man we get in the animal kingdom, 
the more pieearious and ambiguous undoubtedly is the 
evidence for deciding whether an animal has a mind, or 
what sort of mind it has. 

Hardly less important is the fact that a creature's body 
and its movements in its environment are observable by the 
senses; observable, too, by any number of observers at once. 
The creature’s mind, on the other hand, is not observable 
by outsiders. Add that we can, more or less, control the 
creature’s movements experimentally, and you get a total 
situation in which, from a convergence of reasons, it is 
wholly intelligible even to a philoeopher that scientists in 
these fields should try to get on without reference to mind. 
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More, we can understand, too, why these methods should 
be extended to the study of human beings; why scientists 
should try how much they can do with them even in the 
sphere of human behaviour where, after all, we are sure of 
mind, however much we may pretend that there is no such 
thing. 

As we are about now to approach the point of disagree¬ 
ment, let us set down, fiist, what we are apparently 
agreed on. We agree:— 

(i) That one of the <hief tash-> ot science is to 
formulate quantitative laws wherever it can, and that there 
iB nothing in conscious purposive behaviour which forbids 
this oi mokes it impossible. 

(ii) That our quantities tefei to the physical side of 
behaviour, not to the mind which expresses itself in that 
behaviour. 

(iii) That even xf our object is, not quantitative laws, 
as fox Mr. Flattely, but simply control, as for Professor 
Thomson, we certainly develop a technique for experiment¬ 
ing upon human beings so as to elicit, by suitable stimuli, 
the kind of response we want. 

(iv) That the teacher is fully aware that he is experi¬ 
menting upon the children’s minds, which are embodied 
minds, and within fairly wide limits, what the nature of 
their minds is, t.e., what they are thinking, feeling, etc 
What is true of teacher and children is, in general, true of 
all intercourse of human beingB with each other. For all 
our frequent misunderstandings, we still deal fundamen¬ 
tally with each other mind to mind. 

(v) That human minds are not mysterious entities open 
only to introspection and describable only in “ meta¬ 
physical ” language, but that they are eepreeted and thus 
made known , through behaviour. 

(vi) That the attempt to extend this concept of mind 
from human to non-human animals becomes increasingly 
precarious as we get lurther away from the human type, 
and that a point comes where analogy, in unskilful hand*, 
becomes a snare rather than a help. 
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In short, whilst I grant heartily the scientific ideals of 
quantitative deteimmation and of i ontrol and the difficulty 
of applying mental teims to the behavioui of lowei animals, 
I ask scientists to grant me that each of na knows that he 
has a mind himself, that we know of each other that we 
have minds, that we can find out a good deal about each 
others’ minds, and experiment upon them by stimulating 
one another’s bodies and getting appropriate or inappro 
priate behaviour in return 

3 —Whaf, then, is the difference between human and 
animal behaviour which compels us to acknowledge minds 
in man whilst permitting us to ignore them in anim als * 

I suggest that the difference lies in the use ef speech 
Speech is a kind of behaviour It conforms to the pattern 
of nil behaviour it is a specific response, in terms of arti- 
(ulatory movements of the speech organs, to some stimulus 
But speech is more than a senes of noise-producing 
movements The noises are not mere noises incidental to 
movement like the roar of a waterfall, or the rustling of 
leaves in a breese, or the clanking of the railway train 
They are expressive noises They ere noises made for the 
sake of expressing, or conveying, something Recent 
analysis has distinguished two kinds of meaning in 
language When, perceiving a dog, I say Theie goes a 
dog,” I etprevt the fact that I see and I state what it is 
that I see In general I express (ausdnlcken) my mental^ 
acts and I state ( aussagen ) what are the objects of those 
acts Of course I can make the act part of what I state, 
eg, “I see a dog ” As Kant pointed out in another 
context Take any statement of fact and yon can always 
preface it by * I think ” lhe points, then, on which I 
would insist are (i ) that all language is expressive of mind 
and (2) that we have a special set of terms, a vocabulary of 
words for stating the occurrence of the most obvious kinds' 
of mental acts which have foiced themselves upon the- 
attention of the human rate We cannot in dealing with 
human beings either deny (l), or, admitting fh ), refuse to 
use the language of M mind ” 



112 


But why can we do so with animals? Partly, because 
no animal in rerum nature possesses articulate speech. 
Bat even more, because the vast majority of animals, 
especially those which are observed and experimented <yn 
in laboratories utter no noises at all. Where theie is no 
cry of pain or fear, no snarl of rage, our commoner 
evidence for predicating feelings and emotions is lacking, 
and it may plansibly be called sentimental nonsense to 
endow the silent animal with any sort of consciousness. To 
ignore the expressiveness of the cries of the higher animals 
is not so easy, yet to save the theory it can be done because 
no animal can actually tell os in words that it feels or what 
it feels. Certainly, on the mechanical, or automaton, 
theory of animals, no animal’s cries can possibly express 
feelings, for it has not any feelings to express. The noise 
which a dog makes when you kirk it will be as inexpressive 
as the noise which a tin can make when you kick it. It was 
no mere accident that the automaton theory of animals, 
when it first became popular, unloosened an orgy of 
vivisection. No tender consciences were stung by the 
victim’s cries which were but the noises of a machine being 
taken to pieces. Our forefathers at least took their theory 
seriously. When they said “ machine ” they meant 
machine, and behaved accordingly. 

The scientists of our humanitarian age try hard to keep 
.up the machine-language for all animals, and to shot their 
eyes to the fact that their behaviour, especially in its 
emotional, {esthetic, moral aspects, and towards the 
higher and particularly the domesticated animals implies 
quite a different theory. A biologist talks one theory in 
his books, he lives another when, e.g., he enjoys the 
affection of his dog. It is part of a philosopher's business 
to be sensitive to inconsistencies of this sort, and to remind 
the biologist of the sanities of cotnmoniense which fine¬ 
spun theory is so apt to forget. 

At any rate, I venture to suggest that tho 
Methodological ignoring of mind is immensely facilitated 
by studying non-human animals rather than human, micro- 
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organisms other than macro-organisms, creatures 
incapable of expressive ones rather than creatines with 
voioe to utter cry and speech 

If these suggestions are sound they will explain why 
the uncritical use of the mind language m the description 
of the behaviour of lower animals is open to grave 
objections It hae often led to fantastic ‘ humanising ’ 
of animals But, surely, to refuse as Watson does, to use 
the mind language in deecnbing the behaviour of human 
beingB, le equally fantaetic Watson is clear headed 
enough to insist on the full conse juences of hie position 
which involve the denial that speech-behaviour », par 
excellence expressive of mind that language has meaning 
Here are his own words — 

‘ I should like to say frankly and without combative 
ness that I bave no sympathy with those 
psychologists and philosophers who try to intro¬ 
duce a oonoept of ‘ meaning ’ into 

beh u lour At every point we would describe all 
of psvchology in terms of wbat we see the organ 
ism doing The question of meaning is an 
abstraction a rationalisation and a speculation 
seiving no useful scientific purpose From 

the bystander’s or behaviourist’s point of view 
the problem never arises We watch wbat the 
animal or human being is doing He mean*- 
what be does His action is the meaning 

Hence, exhaust the concept of action aad we have 
exhausted the oonoept of meaning ” 

In his denial of meaning I believe Watson to be as much 
wrong as m his denial of imagery In treating 
thinking as talking, and thus as part of bodily 
activity open to an observer, Watson very cleverly shelves 
the question of the meanings of all the characteristic terms 
of the mind-language He absolves himself from con¬ 
sidering what it is in onr experience that wa express when 
we use such terms as feeling, thinkmg, wittmg It is 
worth noting in this connection that Watson, m saying 

8 
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that psychology is to frame its descriptions in " tarns of 
^rhat we see the organism doing," appear* to take both 
"seeing" and "doing" with extreme literalness. T 
strongly suspect that he is forgetting, for the moment, that 
we can hear the sounds which animals and men utter, and 
hear, too, even when we understand nothing else, the 
emotions which sounds express. It is certainly striking 
that in his discussion of thinking Watson turns his and 
our attention almost exclusively to the muscular move* 
ments of the speech-organs, not to the sounds pi educed. 
Tet it is by the sounds which we hear, or the writing and 
print which stand for sounds, that we learn chiefly what 
other people are thinking or have thought, not by studying, 
however closely, the movements of their lips, tongue, and 
larynx. It may be ha id to give an account of what mean¬ 
ing is, but we are familiar enough with it to know what we 
mean when we use the word. It is true that such phrases 
as "we can make our subjects think aloud and thereby can 
observe a large part of the process of thinking " (p. 39) do 
occur in Watson's text. But, Watson, I feel sure, has in 
mind neither that the subject is expressing what he thinks, 
nor that the observer “ observes " the thinking by under¬ 
standing what the words mean, and not merely by 
hearing them or watching the speech muscles. What it 
comes to is this: In denying all introspection and self- 
knowledge as " mystical ” and " transcendental " and 
limiting the psychologist, even in the study of human 
beings, to the point of view of the outside observe! 
exclusively, Watson fails to use all the evidence at his 
command. The terms of the mind-language owe their 
meaning to two sources of evidence. One source is our 
observation of the behaviour of others, including their 
speech-behaviour, the latter more particularly being inter¬ 
preted by us as expressive of the others* mind. The 
second source of evidence, which makes this interpretation 
of others possible, is our direct acquaintance with our own 
minds and with the way we express our minds in action 
and speech. As things stand now, such a statement an: 
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“ the dog 1 is looking at the moon ” *w liable to be 
translated, in the name of science, into one or other of two 
formal*, vis., either “ the dog is responding to a visual 
stimulus ” or “a visual sensation is occurring in the 
dog’s stream of consciousness.” The first formula, 
expanded, leads to physiology; the second, to traditional 
psychology talking in terms of inward states of mind. This 
bifurcation of body and mind can end only in psycho¬ 
physical parallelism. Against this the theory of behaviour 
as expressive of mind, which I am here trying to advocate, 
is a protest. It is a return to a point of view both more 
coneiete and, perhaps, more naive—at any rate, nearer to 
oommonsense. Ask any scientist to give an account of 
what he is doing in pursuing his scientific work, and you 
will find him using mind-language all along the liue He 
mil tell you what he saw and heard; perhaps what he 
smelt, tasted, felt by touch; what he thought, inferred, 
Suspected, concluded; what he hoped or feared; tried to do 
and perhaps failed; his joy ut success; his efforts Mind- 
language all the way: and we know what the terms mean 
without any mysterious or mystical self-knowledge of the 
introspective sort, and also without previous observation 
of the behaviour of others. All these terms of the mind- 
language express activities directly experienced w our¬ 
selves , not observed first in others. They are not terms 
invented to record what we first note in others and then, 
by inference, apply to ourselves. They draw theii mean¬ 
ings from that direct, unreflective self-knowledge whioh is 
the basis of onr interpretation of other minds. “ Fear,” 
for example, is a word used to express a distinctive feeling 
which we experience. We know what “ fear ” moans by 
feeling fear. The knowledge by personal experience of 
what it feels like to be afraid is, of course, developed by 
watching frightened fellow men or animals. But sueh 
watching of others alone could not supply the meaning 
which “ fear ” actually has for all who have felt it. A 
person who was wholly unacquainted with fear in himself 
would stand before the expressions of fear in others as 
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before a riddle which he could not understand. He might 
set himself to study this strange behaviour, noticing the 
conditions under which it appears, and the oonsetjuemces 
whi< h it has, but he would never get beyond an outsider’s 
or “ bystander’s ” knowledge of fear. It may be said: 
“ Thu is all we want in science.” The answer is: “ It is 
not all we know .” To say it is all we want in science, is 
a plain confession that relevant evidence is ignored, because 
it does not fit into some programme of scientific method. 
Now science is justified in abstracting and selecting as 
much as it may find convenient. But we cannot both ignore 
evidence and also set up the claim that the result is all we 
really “ know.” In situations such as this it is the 
philosopher’s business to be the guardian of all the 
evidence which experience puts at our disposal. And 
anyone whose mind is open to all the evidence will, if he 
reflects, refrain from any behaviour so foolish as the 
behaviour of using language which means that neither he 
nor anyone else has a mind. 
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NATURE’S ARCHITECTURE. 

3y Professor Sir W H Bragg, H B E , D 8c , F R 8, 

We have always the wish to examine closely the sub¬ 
stances which we handle in everyday life, and to enquire 
into their natures and their properties. When we design 
and construct we find it necessary as well as interesting to 
consider with care the muteiinls with which we build. As 
our knowledge advances our study is carried further and 
iurther into the minute: and it becomes ever more important. 
Thus, tor example, the metalluigist uses the microscope 
to examine the arrangements of the minute crystals in his 
metals and minerals; the biologist seeks to discover the 
cellular structure of living organisms, or to watch the move¬ 
ments of bacteria which aie tar beyond unaided vision. 
There is a world of the microscope in which men follow 
processes that underlie the larger effects that we see, and, 
so doing, widely extend our under standing and our powders. 
We have only to consider tor a moment the gaps that would 
he made in our knowledge, weie we to take away the micro- 
scope and all tfkat it has revealed to us, in order to realise 
the importance of the study of the very small. We should 
lose by far the greater part of our inner knowledge of 
biology and pathology, of botany, of mineralogy, of other 
sciences: and should miss the innumerable applications of 
the microscope in arts and industries. 

All our experience in the study of the minute, and every 
indication that we have, directs us to the usefulness of 
pushing on still further. With every step forward we see 
more of the wonders of the world and grow in our sense 
of its mystery and its immensity: and we come back with 
our hands full of things that we may admire, and, if well, 
put to our service. 

There is a limit to the power of the microscope; a limit 
which is unsurmountable. The waves of light by which 

9 
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we see are of the order of a ten thousandth of a centimetre: 
objects that are to be seen must at least be of similar 
dimensions. A small rock makes no permanent impression, 
has no more than a local effect on an ocean swell that sweeps 
over it. If we are to press on beyond the range of the 
microscope we must abandon the use of ordinary light. 

Now we have of late acquired a new instrument with 
which we can measure distances and spacings ten thousand 
times smaller than have ever been measured before. It 
uses X-rays where the microscope uses light. It carries 
us deep down into the fundamental structure of Nature; 
where are the very elements of which physics and chemistry 
have told us. We see Nature as an architect, fitting together 
these elements into the structures that, when they have 
grown sufficiently, are the materials that we know. I would 
like to-night to show you something of this world, though 
our vision is still new and indistinct. 

I do not propose to describe in detail the way in which 
X-rays are employed in tins new field. It would take too 
long to do so, and I am anxious to describe to you results 
rather than the methods of getting them. It is sufficient 
to say that just as light and its waves are used in the 
investigation of structures whose dimensions are of the same 
order of magnitude as the waves, so, with X-rays we are 
able to examine and measure lengths which are propor¬ 
tionally smaller. 

We are not able to apply X-rays to the study of a single 
atom, nor of a group of atoms, because their effect is too 
small. But we are fortunate enough to find in the crystal 
an ordered arrangement consisting of innumerable repetitions 
of some fundamental group. The unit may be no more than 
one or two atoms of the same or different kinds arranged 
in a particular pattern. When this unit is infinitely 
repeated, each in its proper space so that one unit of pattern 
is exactly like every other, then, the crystal forms a solid 
whose faces and angles are founded upon and display to our 
eyes some of the elementary features of the pattern. It is 
then, too, that the X-rays have enough material to work 
upon and can tell us the fundamental structure and measure 
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its dimensions. That is why the crystal is of such immense 
importance. If bodies consisted of atoms jumbled together 
just anyhow, then the new X-ray methods would be unable 
to help us; we depend on the regularity and the sufficient 
repetition of the crystal. We are able to infer the funda¬ 
mental details from the behaviour of the whole. 

The X-ray methods of analysis tell us with great exactness 
the dimensions of the little cell in which the unit of pattern 
is contained. JuBt as we can divide up a pattern on a paper 
or a piece of material by two sets of parallel straight lines, 
so that our little four sided figure contains one unit of 
pattern and no more, so we can divide up space into elements 
of volume with six faces which are parallel in pairs and 
which contain one set of atoms that make up the fundamental 
pattern. By means of X-rays we can measure these cells; 
we can find their dimensions and their angles; we can even 
find the places of the atoms within the cells and so discover 
the way in which Nature has put the atoms together; we can 
find the plan on which the crystal is built. Not that as yet 
we possess the skill and knowledge to determine the stiucture 
of every crystal but in every case we can do a little and in 
some of ihe easier cases we can find the details with great 
accuracy. We know now how the atoms are put together 
in many of the simpler compounds such as rocksalt and all 
the other substances which are like it; of diamond, of fine 
blende which resembles the diamond, of carborundum and 
others of the same family; of ice; of the carbonates; of the 
metals and so foith. We have learnt some of the rules of 
building and something of the nature of the atoms as told 
us by the part that they play in the structure. The day may 
not be so far away when we can anticipate a natural design 
and say that if we took such and such atoms and put them 
together they would unite in this or that fashion, and we 
might describe the physical properties of the crystal as 
natural consequences of the structure. Even now we can 
try our powers. Let me state some of the building rules and 
let us see how some of the simpler constructions are derived 
from them. 

First let us understand the dimensions of the world in 
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which we are working. Let us imagine that we have altered 
the scale of our surroundings in the proportion of one 
hundred millions to one. Then a tennis ball has become as 
large as the earth; and the room in which we stand has 
grown so as to take in the moon and far beyond. We can see 
the atoms now: some of the Rise of marbles, some as big, 
perhaps, as golf balls. In shape we conceive them to be 
round, more or less: though we have indications that some 
are ot spheroidal, or even of less symmetrical form. It may 
be that when w f e «ee better we shall be able to describe them 
more precisely. For the present, we are obliged to chooBe 
some form of representation in our models and for con¬ 
venience we make them spheres. They are laced and bonded 
together into structures of lace-like pattern, and vre can 
apply a measuring rod to some at least of the distances 
between centre and centre. 

As Chemists have already told us theie ure neaily one 
hundred elements of different kinds varying in weight from 
the lightest—hydrogen—to the heavier atoms of mercury, 
lead, uranium and others. We 1>egin to be aware from the 
knowledge that the study of X-rays bus given us that they 
are not merely graded in sise and weight hut that in con¬ 
struction (hey are all singularly alike. Each possesses a 
central core in which the massiveness of the atom seems 
to lie. The core is positively charged, to speak in electrical 
terms; and from atom to atom the electrical charge amounts 
by uniform steps. Tf we say that hydrogen has a charge of 
1 in its nucleus, then helium has a charge of 2, lithium of 
3; next come beryllium and boron, then come carbon with 
6; nitrogen 7, oxygen 8, fluorine 9 and so on. Round about 
its core each atom haB a group of bodies of negative charge 
which we call electrons. The charge on each is equal in 
magnitude though opposite in sign to that of the positive 
charge on hydrogen and the number belonging to each atom 
is the same as the number denoting the positive charge on 
the core. Each atom, therefore, has no excessive charge of 
either sign, as a whole it is neutral, and the electrical 
charges which it possesses compensate each others effect 
except locally at points so near the atom that the balance 



121 


is not complete. Thus, we become aware that all the 
elements of which all thingB in the world are made are of 
one and only one pattern differing from each other only 
in a certain fundamental number. All the chemical 
properties of an atom are, it seems, fixed by this number. 
Goal is coal and burns in the grate because the carbon atom 
is number 6; that is to say, it has a positive charge 6 on its 
core and has 6 electrons. Oxygen is somehow a gas of 
immense importance to the living body because its number 
is 8. 

When we look a little closer into Hie atoms and their 
electrons we observe that theie is order in the arrangements 
of the electrons round the core. The electrons of helium 
arc disposed at opposite poles. We do not know f for certain 
to what extent they move. Some things we can explain 
hast by supposing them to be in motion and other things 
suggest to us that they are in rest. Here is a point that w T e 
do not as yet see dearly but we know for certain that there 
are two deetrons, and that on the whole they are oppositely 
placed. When the next electron is added and the core is 
correspondingly st lengthened, the new substance, which is 
the metal lithium, begins u new arrangement of Hie 
elections. 

Fro ii this time onwards the elections after the fiist two 
aiiauge themselves on the surface of a spherical shell which 
contains the core and the first two. Thus, for example, 
carbon has two inside and four on its shell. So the increase 
goes on until the number on the shell is eight, there being 
still two inside and the charge on the core being now equal 
to ten. This substance is neon, one of the rare gases dis¬ 
covered by Sir William Ramsay in pursuance of the investi¬ 
gation which he made after Lord Rayleigh and he had 
discovered the existence of argon. Continuing, a further 
addition of electrons is made to form another shell which 
surrounds the first. When eight more have been added we 
come to gas much resembling neon, the already mentioned 
argon. Two sheila ore now complete; and yet another 
electron shell begins as other atoms are added to the list and 
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so on. For the moment we have done enough; the attached 
table contains a summary of our descriptions. 
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16 

2 

8 

0 

— 

10. Sulphur 

18 

2 

8 

0 

- 

17. Chlorine 

17 

2 

8 

7 

— 

18. Argon* 

18 

2 

8 

8 

— 

1ft. PoUssium 

1ft 

2 

8 

8 

1 

20. Celeium 

20 

2 

8 

8 

2 


*Km inart gum. 


We have described our atoms. What are we to say as 
to the methods by which they are to be attached one to 
another P 

An atom which requires one or two or more electrons to 
complete a shell manifests a great determination to seise 
them and, so to speak, round off its surface structure. On 
the other hand, an atom which is an early member of a 
new series, that is to say, in which one shell is complete 
and one or two or three of the next shell have been added, 
has but a light hold on these extra electrons and gives them 
up when the demand is sufficiently pressing. Let us add 
to this that if an atom is given an electron over and above 
what it ought to have it is now negatively charged as a 
whole, if it has lost one it is positively charged. These are 
our main rules: there are others no doubt but we have 
surfcient to go on with and we can start our constructions. 
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Let us begin with a very simple case—rocksalt The 
crystal ib made of equal numbers of sodium and chlorine 
atoms If we examine the attached table we see tint chlorine 
is the substance just short of argon lequinng vet one more 
electron to complete shell III The metal sodium is a 
substance which has two complete shells and one extra 
electron on which its hold is weak Let a chlorine and 
sodium come within acting distance of one another and the 
ohvioua batmens The chlor i e seizes the loose lectron of 
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tiie sodium The chlorine is now negatively charged the 
sodium positively and the two atoms tend to keep together 
by virtue of this charge Moieover if there are a number 
of atoms of each sort each positive will surround itself 
with as many negatives as it can and each negative with 
the same number of positives under these circumstanoee 
the structure adopted is that shown by the model (fig 1) 
There is a cubic arrangement in whioh every line of atoms 
parallel to the edge of the cube consists alternately of sodium 
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and ililoriue, ami m 1 lie crystal uh a whole each atom has six 
neighbours of opposite sign. Uneombined the chloiine was 
aggressive and, chemically, vpry active, it has now settled 
down. So also the sodium uneombined had special pioperties 
due to its possession of a lightly held election. The sodium 
metal is, for example, a good conductoi of electricity like 
other metals, bemuse the elections can easily he driven 
through the body of the metal undei the action of electro¬ 
motive force and in this \u»y a tnuisfei of eleetncitv can he 
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effected or in other words, a current ot electricity can readily 
be set in motion. At uny time the sodium atom is liable 
to be attacked by oue of the atoms which still require one 
or more electrons to complete a shell. For example, sodium 
put into water is at once attacked and a compound is formed 
in which sodium is allied with oxygen and hydrogen. 

There are many instances of this kind of structure. 
Sodium may combine with bromine or fluorine just as well 
as with chlorine. Potassium behaves like sodium. In 
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every case the result is the same, namely, the building of a 
cubic structure in which each atom of one kind is surrounded 
symmetrically by six atoms of the other. 

Let us see what happens if an atom which has two 
electrons to spare meets others which each need one io 
complete a shell. A beautiful instance is given by the 
common mineral fluorspar. Here a calcium atom has given 
up each of the two elections which are lightly attached to 
it, and two fluorine atoms each take one. In the structuie 
of the fluorspar crystal the arrangement is to be such that 
the calcium is to be surrounded by twice as many fluorine 
neighbours as the fluorine by neighbours ol calcium. It is 
very interesting to see how Nature lias solved the problem. 
A Duttei u of the ciystal is shown in figure 2. Every 
(ulcium has eight fluorine neighbours; every fluorine four 
calcium neighbours. The crystul is highly symmetrical and 
is indeed placed by crystallographers in their highest clash. 
It is to he remembered that in such a model as is illustiatcd 
by the figure, it is impracticable to make it include moie 
than u few atoms of each kind. One has to imagine it 
extended in space in all directions after the pattern already 
begun m order to appreciate the exact relations of the utoins 
to one another. The structures of ice, of ruby, of cuprite 
and many other substances show the samo effort to adjust the 
number of neighbours to suit the proportions in winch the 
atoms are put together. 

We now take an entirely different class of structure. 
It is comrnou knowledge that many solid substances and 
crystals are compounded of atoms which cannot be oxpected 
to transfer electrons in the way described. Carbon atoms, 
for example, compound to make a diamond. 

It is proposed by some that combinations of atoms of this 
kind, which obviously occur, are to be thought of as a 
sharing of electrons. The atoms lie up against one another 
in such a way that one or more electrons do duty in 
completing shells of two neighbouring atoms, just ab a 
party wall is common to two semi-detached houses. To 
say the least the idea is very helpful and enables one to 
form a mental picture of what is occurring. Two oxygen 
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atoms, foi example, may be thought of as sharing electrons 
in this way so as to make one molecule. The single oxygen 
atom is greedy for electrons. The combined molecule 
consists of two atoms which have four electrons in common 
and have in an economical way satisfied their desires* The 
molecule wants little more; it is verv independent, has no 
desire to associate v, ith members of its own kind at ordinary 
temperatures and so is a gas; that is to nay, a substance in 
which the molecules pieler an independent existence. The 
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same is true of nitrogen which forms the principal con¬ 
stituent of the atmosphere. Argon which the air also 
contains is au atom with a shell which is naturally complete. 
It is impossible to get it to enter into combination with any 
other kind of atom since it has neither electrons to give away 
nor does it want any addition to what it possesses! that is 
why it is a gas and in particular why it remained so long 
unknown. It took no pait so to speak in the affairs of the 
universe and it was overlooked. 
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The way in which the carbon atoms share their electrons 
is most interesting. Each carbon atom borrows and lends 
one to each of four neighbours; in this way its own four 
are artificially raised to eight, which is the perfect number. 
The structure of diamond iB such, therefore, that each atom 
is surrounded by four neighbours at equal distances (see fig. 
3). This one distance is the one and only dimension in the 
diamond; its magnitude is 1 64 A.1T. The whole of the 
diamond is bound together in this way, one cannot say where 
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the molecule begins or ends. The whole crystal, in fact, is 
one molecule. Electron sharing makes a very strong bond 
between the partners. It is very difficult to separate atoms 
so tied together and the diamond, in which this bonding is 
universal is the hardest of known substances. 

It is very instructive to compare diamond with graphite 
because the two crystals differ so remarkably in all their 
properties and yet each is composed simply of the one 
element carbon. Diamond is transparent and is the hardest 
of known subataacee; it will scratch anything, Graphite 
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is opaque to light and is used as a lubricant. Whut 
remarkable difference in constiaction accounts for the great 
contrast in properties P 

The methods of X-ray analysis show that there in an 
alteration which is illustrated by the accompanying figure 
(fig. 4). Without models or other illustrations it is difficult 
to realize how w T e must move the atoms in diamond so that the 
structure becomes that of graphite and u verbal description 
is not easy to follow 1 . Pei haps the best way to describe the 
change is as follows:— 

Let successive sheets of the carbon atoms in diamond, 
which aie parallel to a natural face, be moved away fnnn 
each other without altering the relative positions ot the 
atoms in the sheet. In consequence the bonds between the 
atoms in any one sheet are as strong ns ever, while each 
Rheet is now lightly attached to the next because the distance 
between two sheets is nearly doubled. Separate sheets cun 
now slide over each other very easily: lienee the luhnenting 
power of graphite. It is, however, to be observed that it 
is nol only the weakness of the ties between sheet and sheet 
which are the cause of the slipperiness but also the tightness 
of the bonds in each sheet which hold the sheet together. 
The substance is flaky, and the flakes slide on one another 
easily and divide icadily iuto smuller flakes, hut the flaki¬ 
ness is a very persistent property. If the flakes themselves 
broke up into individual atoms the substance would be 
a mere powder and would not lubricate nt all. Let ur 
notice that the characteristics of graphite, its slipjierinesH 
and flakineRs aie the expression on the large scale of the 
primary details of construction because this is a point on 
which I should wish to insist. Its opacity is more difficult 
to explain completely but at least we can say this that in 
diamond all the atoms are rigidly bound together, it rings 
true like a hell to the minute waves of light, while the 
graphite is full of innumerable loose ends and, just as a 
bell full of cracks absorbs the energy of a blow and turns 
it into heat without giving out sound waves into the air 
so the graphite absorbs the energy of the light without 
transmitting it. 
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We took up the construction of the diamond just now 
because it illustrates particularly well the phenomenon 
which we call electron sharing. Then* are other very 
striking instances of the same effect to he found in 
many of the simpler crystals. Iceland Bpar or calcium 
carbonate is a very common mineral. The element of the 
pattern includes one atom of calcium, one of carbon nnd 
three of oxygen. Calcium is number 20 in our atomic scale: 
it has completed two shells containing 8 electrons each and 
has 2 more towards the next shell. It is a metal, therefore, 
which has electrons to spare aiul conducts electricity. The 
carbon and the three oxygens ore each and all short of 
electrons. The difficiencies are far greater than the calciums 
can supply, considering, at any rate, the proportion in 
which the atoms are mixed ; hut the carbon and the oxygens, 
with much sharing of electrons between themselves try to 
satisfy their desirefl and very nearly succeed. They nmke 
a disc-like arrangement with the carbon in the centre and 
the three oxygens in a plane round about the carbon. 
Having done Uieir best they are still 2 electrons short and 
that is where the calcium fills a want. Tt hands over to the 
CO a group the 2 electrons it can spare and so the arrange¬ 
ment is like that of the ordinuiy salt except that the transfer 
of electrons is in twos nnd not in units and that the group of 
carbon and three oxygens is not spherical us the single atom 
of chlorine was in salt. Again, however, the metal, now 
positive in charge, surrounds itself with as many negatively 
rharged neighbours as it can nnd vice versa. The structures 
of calcium carbonate and many other carbonates, which 
have the same general basis, are exactly the same as that of 
salt but they have lost the cubic form because the CO a group 
is not round. 

• There are many crystals built up on this pattern. They 
consist of a metal which gives up one or two electrons and 
a negative counterpart which may be a single atom or two 
atoms or three or more combining amongst themselves to 
form groups which lack only the electrons that the metal 
is able to supply. Each group is tightly bound together; 
the l>onds between the metal and the group may not be so 
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strong, but are still very much stronger than the bonds 
often found to be holding a crystal together; as for example, 
in the case of the organic substances. Consequently the 
latter are softer in comparison, still more so in comparison 
with crystals formed throughout on the electron sharing 
plan. To this first-named class of Bubstance belong sulphates 
like copper Bulphate, metallic oxides and so forth, and 
generally Bpeakmg the cI&bs known as the polar compounds. 
It iB an essential feature of these substances that the molecule 
cannot be distinguished in the crystal. A positive has 
several negative neighbours and has no preference for one 
rather than for another. We cannot link together a certain 
positive and a certain negative and say, “ this is the mole¬ 
cule.” 

The same sort of structure is found in ice. Here an 
oxygen atom wanting two electron compounds with two 
hydrogen atoms each of winch, you will remember, has 
but one. With the rules we have laid down we can be very 
nearly sure of the structure that ice must have before 
subjecting it to any X-ray analysis at all. We anticipate 
that we may find a structure in which each oxygen is 
symmetrically surrounded by hydrogen neighbours and each 
liydtogen by oxygen neighbours but the oxygen is to have 
twice as many neighbours a* the hydrogen. We had such 
a case in fluorspar, where the calcium had eight fluorine 
neighbours; that, however, cannot be the structure of ice 
because it gives too dense a crystal, unless we space the 
atoms very far apart, more than their known dimensions 
will allow. Ice is a very light substance. The atoms of 
which ice is made must be sparsely distributed in space. 
The distribution must be one in which the number of 
neighbours is reduced to & minimum and that is the distri-* 
bution in which each oxygen has 4 hydrogen neighbours and 
each hydrogen 2 neighbours of oxygen. One cannot imagine 
an atom surrounded by less than 2 others. Now the diamond 
structure is one in which every atom has 4 neighbours. 
Following out this idea we place an oxygen atom where we 
^should place a carbon atom in the diamond but we put a 
jj hydrogen in between each pair of oxygens. We have now 
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one slight change to make which does not alter any of the 
distances but changes the cubic crystal into a hexagonal; 
for we know that the ice crystal is a hexagonal column. 
The result is the form which is illustrated in fig. 5: it is 
veiy beautiful in design and veiy simple. The extiaoulinary 
emptiness of the structure is perhaps its most striking 
feature. 
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If we now compare the figure to which wo have been led 
by trying to use the rules laid down with the actual ioe 
crystal as examined by X-ray methods, we find an excellent 
agreement. In fact, independent methods give practically 
the same result. Here again let me draw your attention to 
the fact that the dispositions of the atoms in the elementary 
cell forecast the properties of the whole substance. The 
feathery snow crystal with its six-pointed star can already 
be seen in the model which we have made. 
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Lastly, Jot mo describe to you some of the things we 
have iccently learnt concerning the crystals of the oigauic 
substances: those which aie so essential to living organisms. 
They ure complicated in structure and yet the organic 
chemist has been able to picture to himself certain funda¬ 
mental laws as to the relative arrangements of the atoms 
which have opened out a field not only of great interest 
and lieauty but also of immense nupoitance in practice. 
The X-rays now come, we hope, to the aid of the organic 
chemist, giving him the power of applying a measuring 
rod to the structuies he has imagined and thereby acquiring 
a vastly superior insight into then composition and 
properties. 

Theie are two classes of these organic substances. One is 
distinguished paitieularly by the formation of long cliainR 
of atoms, particularly of carbon atoms. To this class belong 
oils and fats, alcohols, ethem, sugars and no forth. In the 
second great group the essential feature is the combination 
of six carbon atoms into « ring, the famous benzene ring. 
The complex molecules contain one or moie of these rings 
os the basi* of their structuie. To this class belong the 
aromutic substances, the sweet smelling essences which 
give the class its name, as well as toluenes, naphthalenes, 
anthracenes, quinines, many of the dyes, and forth. 

Analysis by X-rays show'** that these ring arrangements 
actually exist and have definite dimensions which they 
retain unalteied fiom substance to substance. If it were 
not so we should indeed have little chance of solving the 
problem of organic structure. In naphthalene, for example, 
the unit of nattein is made up of ten carbons and eight 
hydtogens. Tt would be a hopeless task with our present 
means and our present knowledge to solve the problem of 
the arrangements of 18 atoms in the pattern, but we refer 
bock to the diamond and graphite structures, and argue 
that in both eases we see rings of six carbon atoms bound 
together. We assume that the framework of six atoms 
which we see repeated again and again in the structure of 
graphite can be maintained if by chemical means the 
graphite is broken up. We measure the sixes of these 
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rings in graphite and we try to fit them into the cells whose 
dimensions we determine by X-ray methods. In fig. 6 
is drawn to scale the naphthalene cell which we find has to 
contain two molecules of naphthalene. The naphthalene 
molecule consists of two lings as in the figure and hydrogens 
are attaehed io all the carbons but two. We try whether we 
can conveniently fit together blocks of this size into the cell 
provided, and are encouraged to find that it can be done 
very well. Moieover, by comparing one substance with 
another we can find hints ns to ihe distribution of the blocks 
within the cells. For instance, an anthracene cell is almost 
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exactly the same in all respects as the naphthalene cell except 
that one of fts edges has grown considerably in length. 
Now examine the structure of these two. We find that one 
main difference is the fact that there are three rings in a 
row in anthracene and only two in naphthalene. It is most 
probable, therefore, that the length of the molecule in each 
case lies along the side of the cell which shows a difference 
in the two oases. It is an additional confirmation that the 
increaaed length in anthracene is approximately the width 
of a benzene ring as we deduce it from measurements of 
graphite or diamond. 
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Tins nart of our work has not gone far as yet, it is a 
new field of research. We have not even entered into the 
lueasiirements of the first class of organic substances. We 
have measured only a few of the crystals whose molecules 
contain one or more hensene rings. As the different forms 
of organic crystals can he numbered in many thousands, 
there is yet plenty to do. 

A very sti iking feature of the crystal of the organic 
subsfnnce is that in this case it is possible to see the whole 
molecule w itliin the crystal: the bonds between the molecules 
arc stiong but the attachment of any molecule to the next 
is weHk. As I have already stated the T>ositive and the 
negative noitions of an atom cannot counterbalance each 
others effects at every point close to the atom: there are 
what the electrician calls ** stray fields of force.” They 
are far weaker than this force which binds together two 
atoms which are sharing electrons and even than those 
electrical forces which hind together the positive and 
negative in a crystal hke rocksalt. Rouud about the fringe 
of a naphthalene molecule these stray fields exist at various 
points. When a molecule of naphthalene is laid up iu the 
conect way against anollier molecule of Ihe same substance, 
these strnv fields inteiloek and the molecule settles down 
to a neinmnent attachment. As molecule is added to mole¬ 
cule, the civslul grows hut the forces in this kind of com¬ 
bination me weak and that is why the substances are so 
soft and can so easily be melted. 

Another very striking point is that two molecules attach 
themselves together side by side with a little more force 
than end to end. When a naphthalene crystal grows the 
molecules tend first to lock together side by side and so the 
substance grows in thin sheets and flakes. Naphthalene is a 
substance which can crystalise from its vapour, and when it 
does so it tends to form a very light open structure because 
the sheets spread sideways and join themselves together in 
various ways. The cleavage of the naphthalene crystal is 
across the ends of Ihe molecules because these are the weakest 
of all the forces which hind the molecules together and are 
first to give way. This side to side attachment seems to be 
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one of the main reasons why a film of oil spreads so quickly 
over the water. Langmuir and others have shown that the 
thinnest films of oil which form a complete covering on 
the water’s surface consists of a side to side arrangement of 
the chain molecules of the oil. The lock molecules are like 
the fibres of a pile carpet. 

In a substance such as oleic or palmitic acid, there is 
at the end of each molecule a group of atomB which has a 
strong attachment for water and so to speak takes root in the 
water’s surface. It is to be presumed that when a drop of 
oil is placed on the water’s surface some of the molecules 
attach themselves at once at their ends and are held while 
the other molecules, exerting their side to side forces quickly 
fit themselves into place. They also take root in the water 
and join up sideways with the molecules already in position, 
so the film spreads veiv quickly. 

I have tried by these few instances to explain the trend 
of some recent lines of research. It opens up, I think, a most 
fascinating field of enquiry. Below the infinite complexity 
of material substances, of the crystals which reveal most 
directly the fundamental molecular structure, and still more 
of all the variety of other substances which consist also of 
crystals but so mixed and broken as to be indistinguishable 
by the naked eye: below all this world of infinite variety 
lies another in which are simplicity and regularity and 
exquisite perfection of form. We have acquired new powers 
for insight into that which goes on in these depths. We 
can so to speak wander about among the various atoms 
whose variety is not so great as to frighten us and we can 
pull and push them about into different places, fitting them 
together into this and that structure trying over the archi¬ 
tectural designs on which the material world is based. 
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THE MECHANISM OF a, /? AND y-RAT EMISSION 

Bt K. Madgwiok, M.O., M.Sr. 

(Read Mai ch 2nd 1922) 

It is proposed to examine in relation to one another the 
properties of tho a, fj and y-rays from the radioactive substances, 
with the object of investigating the mechanism underlying their 
emission. 

That there is some connection between the p and y-rays 
Hcems certain from the fact that they are generally emitted 
together. Their resemblance to tho cathode and X-rays respec¬ 
tively suggests that the y-rays are produced by the stoppage of 
P particles, just as the X-rays are generated by the stoppage 
of cathode particles ; the only difference being that whereas the 
cathode particles are shot mto tho radiating substance, the p 
particles have their origin within the substance itself. Experi¬ 
ment shows that the energv E of a cathode particle can be trans¬ 
ferred to an X-ray of frequency v m accordance with Planck’s 
quantum relation. 

E -hv . ... (1) 

where h Planck’s constant ~ 6*66 x 10"“” ergs, and 

• (2) 

m 0 — mass of electron at slow speeds, 
e ■» velocity of light, 
r = velocity of electron. 



The velocities of the different groups of /3-rays from Radium 
B and Radium C have been measured by Danyas (C.R., 1911) 
and by Rutherford and Robinson (Phil. Mag., 1913). The wave¬ 
lengths of the y-rays from the same substances have been deter* 
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rained by Rutherford and Andtade (Phil Mag 1914) who uned 
as a source a tube of Radium Emanation When the energies 
of the f3 particles and of the y pulses are calculated from equations 
(2) and (1) it is found that the spectia do not overlap to any 
very considerable extent This is to be expect&i owing to the 
difficulty of measuring the wave lengths of hard y-iays Taking 
only the velocities representing energies within the range common 
to both spectra the following are the corresponding wave-lengths 
V as found from (1) 


Table I 


Radium B 


Radium C 


0 

A x 10'cm 

0 

A x 10*un 

606 

766 

67» 

1 

692 

630 

821 

648 

| 787 

j 486-475* 

167-180 

632 

| 840 

( 413-443 

201 211 



426 

232 



414 

2 49 



360 

333 




* Group# 


Whiddington has shown (Phil Mag 1920) that the minimum 
velocity of the cathode rays necessary to excite the character¬ 
istic X-radiation is 

for the K senes v = 2 (N— 2)x 10 8 cms/sec ) ( ^ 

„ L „ (N—16) x 10 8 „ 5 W 

N being the atomic number of the radiator Combining these 
with (2) and (1) the characteristic K and L wave-lengths are 
obtained In the following table these are shown for Radium 
Emanation and its products Although it is known that the 
emanation and Ba Ado not of themselves emit y-rays, it u a 
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necessary consequence of our present hypothesis that their 
characteristic radiations would be excited by the f3 particles 
from the Ra B and Ra C. 


Tablk II. 


Radiator. 

Atomic Number 
N. 

Xjc x 10*cm. 

X L x I0*cm 

Ra Em. 

86 

1 18 

817 

Ra A 

84 

126 

876 

Ra B 

82 

130 

9 44 

Ra 0 

83 

131 

900 


The extent of the concordance between these results and the 
wave-lengths as determined by Rutherford and Andrade is 
shown below. 


Tab LB m PcKSTKATiva Rays. 


Roth and Andrade ■ 
results 

X from Table I 

Characteristic K radiation. 

72 x 10 'em. 

M2 x 10-’em. 


99 „ 



I-16 


I*18xl0-*cm. (RftBm.) 

1*87 fl 


1*36 „ 

1 09 „ 



1 69 „ 

i-w „ 


1 96 „ 

2-01 „ 


2-29 •) 

2*2 „ 


2*42 „ 

2-M „ 


2*62 „ 



2*96 „ 



3*24 „ 

* ** • 
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Tabu IV Sorr Rayb 


Hnth and And radii a raaulU 

Oharaetariatta T radiation 

70S x 10—"cm 


809 

817 x 10-Vm (ft* Km ) 

838 


853 „ 

876 „ (R*A) 

017 

000 , (R» ( ) 

063 

044 , (Rjl B) 


It is perhaps worthy of note that the wave length 
845 xlO * cm corresponds to an element of atomic number 85 
Taking Danysz’B results Rutherford has shown (‘ Radioactive 
Substances and their Radiations/* p 613) that for a number of 
groups the energy differences can be represented by the relation 
//E,+gE, where E, =0 456 xlO 13 ^ Kj=l 55b xlO 1 ^, and p and 
<1 are whole numbers The figures are contained in the follow¬ 
ing table, those in the last column being calculated by substi¬ 
tuting for E, and E in the expression a of the preceding column 

Tabi* V 


Number of snap 

Drift, retire u energy 

pH 4 

Oalaolated 

(21) - (20) 

46 x 10 § e 

K, 

466 x We 

.. -dO) 

187 „ 

3K, 

137 

, -(18) 

166 , 


166 

n -(17) 

184 „ 

4B, 

182 „ 

-(16) 

205 „ 

K.+K, 

201 „ 

-(15) 

sn 

2k, 

311 

.. (W) 

4 OS 

28,+28, 

402 „ 

, - (18) 

448 

3B, + 2K. 

446 

. -(W) 

4 92 

4F.+2H, 

4M 

>. - (11) 

80S 

38,4-88, 

| 60S „ 
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If the energy associated with the y pulse is derived from the P 
particle m accordance with equation (1), then it might be antici¬ 
pated that a similar relationship would hold for a number of 
lmes in the y-ray spec trum This is found to be the case for the 
eight shortest wave-lengths of Rutherford and Andrade 


Tabu VI. 


' No 

\ 

Energy kv 
• c 

Difference in 

energy 

pr,' i *»,' 

Calculated 

1 1 

72x10 'om 

1 73 X 10" 




1 2 

W „ 

126 „ 

(1) (2) 47 x 10" 

2K, 1 + e; 

46x10" 

|3 

1 16 „ 

108 „ 

n (3) 60 is 

V + 4k* 1 

06 

4 

137 „ 

91 „ 

(4) 82 „ 

2k,' + 4E, 1 

82 „ 

6 

159 , 

79 , 

,.-(6)94 „ 

2k, 1 I 6E; 

94 „ 

6 

169 , 

74 „ 

„ (6) 99 „ 

IE,' i 4k,' 

09 „ 

7 

1M „ 

64 „ 

(7) 1 09 „ 

6k,' + 2E,' 

109 „ 

8 

242 „ 

62 „ 

(8)121 „ 

5K,‘ + 3e; 

121 „ 


K,' = 17 x 10 ’e K.‘= 12 x I0 li «. 


To explain this relationship it may be assumed that the P 
particle is emitted v> ith constant velocity, and that in order to 
pass through each ring of electrons it must give up a definite 
amount of energy t haractenstic of the ring, the total energy 
lost duiing successive opeiations being pEi+^Ej+rB* 

But if this energy is radiated m the form of y-pulses there ought 
to be present in the y-iay spectrum strong lmes of wave-lengths 

2 745 x 10~* cm coi responding to — 46b x lO'*® 

and 804 „ „ E, = 1556 „ 

These are not represented 

Moreover it is found that the differences between the energies 
of the a particles emitted by the Uranium-Polonium senes can 
similarly be represented by an expression />E, + jE 4 
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Tabu VIII 


Vo 

Product 

Klnrtto energy 
<«•») 

fcnergy difference* 


CUoulMed 

1 

Uranium 1 

645 xHH' 


- 


2 

2 

72 „ 

(i)-(l) 076 x KH* 

K, 1 + h, 

074x10- 

3 

Ionium 

746 „ 

(3) „ 101 „ 

2B., 1 + L, 1 

101 , 

4 

Radium 

794 „ 

(4) , 1*9 . 

2k, n -f 2K, 11 

148 , 

0 

h mini t ion 

915 „ 

<«) , m . 

3K, 1 j 4Kj 

270 , 

6 

Ra A 

1 01 „ 

(«) . 386 „ 

SB, 1 f 6E, 

360 

7 

c 

1 31 „ 

(7) , Mi 

9K, 1 (9K, 3 

666 

1 8 ■ 

„ F 

866 tl 

(8) ,. 221 , 

31*! +3k. 

222 , 


E; 1 = 026 x 10"' E; = 048 x 10~* 


A similar explanation might be applied to this ease on the 
assumption that the a particle originates within the nucleus 
with definite velocity and gives up an amount of energy charac- 
t< nstic of the nucleus in its passage out But as will be shown 
below, the energy of the a particle can be accounted for on the 
assumption that it is shed from the outride of the nucleus so that, 
in Table VIII at least, the pE -f-gJS relationship appears to be 
either accidental or due to some unknown cause 

On Rutherford’s nuclear theory of the atom, derived from 
considerations of the scattering of < particles on their passage 
through matter, the atom consists of a positive nucleus of charge 
Ne and radius of the order 10 -1 * cm surrounded by N electrons 
within a sphere of about 10 * cm radius Suppose first of all 
that the a particle starts from rest at a distance r from the 
centre of the nucleus and that its velocity is acquired simply as 
the result of the mutual repulsion in accordance with the law of 
inverse square between the charge Ne of the nucleus and the 
(barge It of the a particle The energy of expulsion is then 


E> 


N«x2e 


ib 


2Ne* 


m J?' r* 
also E-iMV 1 

where M «■ mass of a particle - 6 6 x 10~“ gm 
V « velocity. 


( 4 ) 

( 6 ) 
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Values of the velocities of the a particles have recently 
been published by Geiger* (Zeitschrift ftir Physik , December, 
1921). From his results the value of r corresponding to each 
value of V has been calculated from (4) and (5). In the following 
table is also shown the number of electrons in the nucleus, 
obtained by subtracting the atomic number (the net number 
of positive charges) from the atomic weight (the actual number 
of protons). 

Tabli LX. 



V t 10* cm 

... 



... 


"" 

Product 

SXlCr 

(«•*) 

N 

iar 

ra "K" 

Atomic 

weight 

la 

noolerua 

Uranium 1 . 

1396 ' 

6*334 

92 

6-416 

k lO -15 cm. 

ms *6 

146 

„ a .. 

1-462 

6*949 

92 

6848 

it 

*<234 5 

M2 

Ionium 

1*482 

7*141 

90 

5*667 

»» 

\280*5 

140 

Radium 

1-fill 

7*422 

88 

6*238 

•i 

226 

138 

Ra. Em. 

1*618 

8-467 

86 

4-486 

it 

222 

136 

A 

1*688 

9*262 

84 

4*006 

ii 

218 

134 

„ C 

1*922 

12*00 

83 

3*066 

ii 

214 

131 

„ F 

1687 

8*101 

1 - 

4*630 

ii 

210 

126 

Thorium 

1*436 

6*691 

90 

6*942 

•> 

232 

142 

Radioth 

1*600 

8*320 

90 

4 778 

ii 

228 

138 

Th. X 

1*643 

8*772 

88 

4*432 

•i 

224 

186 

ii Km, 

1*728 

9 703 

86 

3*916 


290 

134 

•i A 

1796 

10*49 

84 

8*638 

*• 

216 

132 

ii o 

1*696 

9333 

83 

3*921 

" 

212 

129 

> * O' 

I 

2*063 

13*83 

84 

2*683 

»i 

212 

128 


* Isotope* of atomic weight* 238, 234 and 230 respectively are assumed. 


The a particle is constituted of four protons and two elec¬ 
trons. If the electron be regarded as a charged sphere, and if, 

* Those in Table VIII. ware taken from Rutherford's “Radioactive 
Substanoes and their Radiations." The earlier part of this paper was 
written before the publication of Geiger's results. 
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as the experimental evidence indicates, its mass is electro¬ 
magnetic, 

. 

where a is the radius of the electron. It will be seen from (6) 
that if these two properties be attributed also to the proton, 
the radius of the proton is 1800 times less than that of the elec¬ 
tron, since its mass is 1800 times greater. On this view it would 



Number of Electron* n Nucleus 


Via. 1. 


appear that the sue of the a particle (regarded merely as the 
space it occupies and having no reference to the force it exerts) 
is practically identical with that of the two electrons it contains. 
Thus if there is any ordered arrangement of the a particles in 
the nucleus before emission the r in (4) should be a function Of 
the number of electrons in the nucleus. The two quantities are 
plotted against one another in Fig. 1, the Uranium series being 
shown by circles, the Thorium series by crosses. Neglecting 
for the moment the points corresponding to Ra. F and Th. C, 
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these lie roughly about i straight line the slope of which mdi 
cates that for each electron emitted by the nucleus r decreases 
by about 2 2 x 10 13 cm To interpret this result it is ncceB 
sary to explain how an particle can occupy a position of equili 
bnum at a distance from the centre of the nucleus of the order 
of 6x10 18 cm the stable portion cf the nucleus having a 
radius of between 2 and 3x10 11 cm Chadwick and Bieler 
{Phil Mag Dec 1921) in their work m the collisions of a par 
tides with hydrogen nuclei have shown that m these collisions 
the law of force is approximately that of the inverse square 
outside an oblate spheroid of semi axes 8x10 18 and 4x10 18 
cm for lesser distances the law of foru changes Unless at 
very close distances repulsion changes to attraction it is lifhcult 
to see how the nucleus can hold together at all and to explain 
r»g 1 it seems necessary to suppose that the outermost a par 
tidpH are held to the nucleus by attractive forces m the 
manner shown m Fig 2 (a) m which electrons are inch 
cated by full circles and a particles by broken eircles The effect 
of the protons is probably to bind the electrons together 
the most stable unit being the a particle If we adopt this 
model r will decrease by 2a when one electron is eimtted 
From (6) o=l 85x10 18 cm and 2a 3 7x10 18 cm Ac 
cepting this value the fact that it is greater than the 
2 2x10 13 em obtained from Fig 1 can be accounted for by 
tnunimiTig the nucleus as a whole to rotate with angular velocity «* 
in which case the velocity of emission is the resultant of two 
velocities at right angles to one another a radial velocity 

and a velocity r» of rotation (The alternative ex 

planation that tho electrons suffer distortion under the action 
of intense forces deserves mention though no method of testing 
presents itself) If r is the distance before emission of one < par 
ticle from the centre of the nucleus (r •+• 2na) that of another 
a particle separated from the first by n electrons 



V.’ 


*N,«F 

Mr 


V, 8 - 


4N*e* , 

H(r,+2na) **’ 


(ri + 2na) t <u i 


(T) 
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By applying these equations to two of the representative sub¬ 
stances contained in Table IX , approximate values of r and <■> 
can be found This has been done for Thorium and Thonum C* 
Substituting the appiopnate values for V and N, and noting 
that n=14, it is found that 

<u ■ 16 x 10” sec and 
for thonum CY r =» 28x 10" 11 cm 

For any other substance in the series 

r ~ (2 8 x 10~i* + 2 na) cm (9) 



a b 

Fin 2 

Referring to Fig 2 (a) (which is the simplest possible structure 
and is not intended to illustrate any particular senes) we may 
imagine an a particle to have approached so near one of the 
three there shown as to be attracted by and revolve with it 
It may then expenence a disturbance which will cause it to be 
released by say, the third and be attracted by the second In 
this way the n particle may move from one circular orbit of 
radius, r+2no to one of radius r-f 2(»—2)o, m which case an 
amount of energy 

+2no)*-(r+2(»»-2^)'} 
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will be liberated. If, following Bohr, we assume this to be 
radiated in accordance with Planck's quantum relation, 

^Mt 0 *{(r+ 2 n/j) 4 —fr+ 2 (n —2)a/} »= hv . (10} 

Substituting for r from (8) and putting n=2, 4 . . . . 12 the fol¬ 
lowing values of the wave-lengths are obtained : 

•566 x 10~* era. 

n n 

ti it 

ii i» 

>t m 
ti it 


*459 

•386 

*383 

•292 

•261 


It seems probable from a study of radioactive changes that 
the nuclear structure varies to some extent among atoms of the 
same substance. In Fig. 2 (6) is showm a possible variation of 
the structure illustrated in Fig. 2 (a). Proceeding in the same 
way. the wave-lengths for this arrangement are 


•507 x 10—* cm. 


•419 „ 

‘357 „ 

•311 „ 

W „ 


ii 


it 


Ellis has shown ( Proc. Roy. Soc .. 1921) that the spectra of 
the 0-rays excited in various substances by the y-rays from Ha. B 
can be explained on the assumption that there are present y- 
rays of wave-lengths. 

•519 X I0- f om. 


■48S 

•423 

*354 


ti 

it 

•t 


•339 

•308 


•• 


i 


To sum up, the evidence outlined above suggests that ttye 
unstable part of the nucleus of a radioactive atom has a linear 
structure, and is constituted chiefly of « particles. These are 
held together by forces of attraction, bat if the first partible be 
displaced sufficiently, the attraction ie superseded by the ordinary. 
force of repulsion and the particle is expelled. Towards the 
end of each series, as oan be seen from an examination of the 
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last two columns of Table IX., there are electrons which do not 
enter into the composition of a particles, and the departure of 
Ra. F and Th. C from the ordered arrangement shown in 
Fig. 1. is probably due to the fact that the a particle from each 
of these substances is liberated in loose combination with an 
electron, and moves with it for a short distance. The nucleus 
as a whole is in rapid rotation, and the movement of an a particle 
one place along the unstable portion involves a change of energy 
of the same order of magnitude as that associated with the 
hard y-rays. This is put forward as a possible origin of the 
7 -rays. The energy of a y pulse can be imparted to a p particle 
and the high-velocity ji -rays probably derive their energies from 
the hard y-rays, the wide fi -ray and y-ray spectra being due to 
successive interchanges of energy, each one involving a sufficient 
expenditure of energy to liberate the electron from the atom. 



160 


Consider the values of the following integrals, after sub* 
•tituting the values of the constants obtained above, and 
choosing a suitable value for A t 




sin (ar/r) 


-g - - rfa 


r a* 


f ~W) 

Afce* r / sin —c)/o 
tira, s J (Bin fi&{b-c)/c 

+ sin_a sin /)/c ^ ~ 1 * 1 * 1 *)** 


11 . 


12 . 


I-v* v - 

where F(a) «■ (I/ktf*a) {ftj* cos *-fcj sin « + fc» sin «) sin 
fia 1 b — <•)/« + k/ia sin a <os ita(]b— s)/c} 

over the contour suggested by Carslaw (Wwl. Maj, May, 
1920, p. 604); t.e , the path P of figure 1, in the a plane, the 
argument of a on the right lying between 0 and r 4 and on 
the left w 4 and «■. 



Now ft satisfies 1 since each element of the integral 
satisfies it, similarly v, satisfies 2 * Also conditions 4 and 6 
are satisfied. 

When r -1 * _ - / ^'21 *. 

troj* J 5a* 

Since the integrand is an odd function of a, the path Q 
(fig. 2) may be formed, consisting of the image of the path 
P in the real axis, and two circular arcs of infinite radios 
having the origin as centre. 

The value of the integral over path Q is twice that over 
the path P, since the value over the arcs vanishes in the 
limit. 
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The only pole in the contonr is a be 0 and the reaidne 
there ia — (oi 'aft. 

a* A t when r = b. (Vide 6). 



The integrand has no poles above the path P. Hence 
if the contour is completed by the arc of a circle as in figure 
3, the origin being the centre and the radius tending to 
infinity, the integral over this path is zero In the limit 





3 


the value over the circular arc vanishes, therefore the value 
over the the path P must vanish. 


«| ■»0 when t«0 1 
Similarly tfc ■■ 0 when t a* 0 J 


(Vide 3). 
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Phe solutions are: 

A6c* f sin (ar/c) 


e -(o,a/c)V 


~WV 


ror 


f/tt. 


v t = - 


a fee* r[ 

S^irtaj* < t 


sin fia(r— c)lc 
ftin /Jta(6 c)/r 




ra # 


da. 


. sin a sin /*a(b_ r)jc \ 

f?(a) sin /*a(b clife J 
the integrands being odd in each case 

Considering the value of Vi, we have by taking the 
residues at the poles of the integrand 

a, A JC-r 8 b'-c* 2c 8 / 1 lwfct k l \) 

■ k " At “u{“5? + «j* + X\^~TJW-^)\ 

2Abc* °° sm (a*r/c) 




^ sm (a»r/c) 

? fK) 


rv 


where a, is the «* root of F(a) ; 


1 0 and F* - ^ ■ 


It can easily be shown that F(«) = 0 has an infinite 
number of real non-repeated roots, there being corresponding 
equal positive and negative roots. 

The mean temperature _ J 4*r v t dy 



Same as §1 with finite conductivity at the nirfaee. 

n . Ahbc' r k . , , . e (*»«/«)•< . 

Hake vx » - J A, sin (ar/e)-^-d*. 


Vi " y'l Ai Mn /* a 0— fi )/« 

+ B, sin p»(6 —r)/« j-^- da. 

over the path Q since the solutions must satisfy 1 and 2 
respectively. 
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The initial and surface conditions to be satisfied are 8 
and 4, together with 

ht + h(v i — At) o* 0 when r b 
where h is the surface conductivity. 

This condition leads, after reduction, to < 

A« sin (<£—g) -B, sin ^ «s 1/b 

ktfta _, __ ht—hb 


where sin 4> < 


cos <j> ■■ 


b* 


bo 

q — /io(b—e)/e. 

Using the expressions 9 and 10, giving At and B, in terms 
of Ai, we find 

1 


A-i 


sin (<* coso -sin a) 


+ sin a | sin ($~g)-cos (£-g) | J 

_ Abbe’ / sin (ar/e) , 

Hence * - - F(a) 

••• - At ~ A {W + sy* + £7 

(1~t+ it )(£■"&)} 


2AW 
. 1 


3b, 

f° sin (<v*<o) 0 ~ 

S ~\ ya,* 


where a* is the n® root of t’( a ) = 0. 
The mean temperature 


At " A {W + T5Z + &Z 


6Abbo * ^ 


sin^, 

«•* 


COS «, \ 0 ~ (*!<**/«)** 


<*T ( \ V *• 

As H —♦« 14 reduces to 13. 


J~j*khT 14 
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§3 

Mean temperature of a liquid contained in a cylindrical bulb 


having xnfinxU conductivity at the eurface 
The equations to be satisfied by Vi and are:— 



The initial and surface conditions are 3, 4, 6 and 6. 

Now t>, = A, Jo(ar) t~ W* .17. 


H A -JW +B -£££}'-<•■■>' • * 

satisfy 15 and 16 respectively. Jo and To are Bessel and 
Neumann Functions of sero order. 


A *7 = 0 . AiJ o(ac) =* A,{ J o(/xac)/Jo(fULb) } + B,{ Yo(/Mkj)/Yo<^a6) f 
k t AiJ i(«o) — k^t^AgJ i(f*ae )jJo(f*ab) + B,Y,(/*ac)/YoO*a6} 


Consider the integrals 



The condition t>, ■» A t when r ™ ft gives 


A + B.-1. 

From these equations in A, A, and Bi we find 


A| i 




— pJiC<*«) {Jo($<s)Yo(gft) - Yo(ge)Jo(g6)}]' 

where ?■»/«» p «= kjk^ 

A f Jo(ar) m 

* * ^ “FCoO ? da - 


'W7 


That vi satisfies the oondition when t«0 may be 
shown as in § 1. 
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2 A * JoCv) 

” a,’ i "F^f oj? 

where «» is the n® positive root of F(«) = 0. 

The roots of F(a) = 0 are infinite in number, reel non* 
repeated and to each positive there is a corresponding equal 
negative root 

2 r c 

Mean temperature = rvidr. 

.. . f P-o* «* 0 * /h k.N. b » 

“ At “ A I 4a,’ + 8ot* + 2fc’ Vo? ~ o,V l0g * e } 

_ 4 A- J . 19. 

Same as § xmth jinits sumacs conductivity 
Taking v x and u, as m 17 and 18 and the condition 

*»£7 + fc(u, - At) - 0 at r - 6. 

A 1 

Al * gc[Jo(ae) '{NJ,(go) - MT»(qc)} 

— /tJi(«kj) |NJo( 9«) - MTo(g«)}] aB ^ l (a) 
where M «* hJo(qb) — AytaJ^qb) 

N a* hYo(fb) — Jc^uiY t (qb) 

q 

Mean temperature— 

.. .(b*-e» e* ^ 6A, c* /A, A, W, * .*j\ l 

■ At " A { 15T + 8i? + 2W+2A, W“«,*A log# ? + ®) ) 

_ s •* Jfel «-(«!•»)*< . 20. 

OjV i *» FC*#) 

where a, is the n* positive root of F(<*) =■ 0. 

Num*ncal conclusion*. 

The mean lag of the thermometer in all eases takes the 
general form 6, — S 9 % e-p** where 0, is the steady limiting 
value, 4» being a function of a* where «, is the n® positive 
root of the appropriate equation in a. 
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Numerically all terms of the series are negligible compared 
with the first and thus we may write the lag = 0* - 
It is also found that differs very little from 0, and for 
numerical calculation, the form 0,(1 — s - ** 1 **) will be used. 

It is assumed that the wall of the vessel is very thin 
compared with the radius of the bulb. By this assumption 
4he equation (F)a — 0 is very much simplified in order to 
get the root a u which is the first root of the equation other 
than zero. 

In the calculations the units used are <*•£•«• 

To obtain a comparison of the lags in different ther¬ 
mometers, equivalent bulbs arc taken, i.e,, same volume 
expansion per degree rise of temperature. Assuming that 
the coefficient of apparent expansion of alcohol is six times 
that of mercury, the radii of the equivalent bulbs are as 
follows : — 

t m radius. 

Mercury sphere 1 cm. 

Alcohol sphere ... -66 cm. 

Mercury cylinder *36 cm. length=10 omi 

Alcohol cylinder -145 cm. length—10 cms 

Also :— 

Mercury ... Jr = *0197 .. a a = -0437. 

Alcohol ... 00043 ... a“= -0009026. 

Qlnss ... k — -0016 .. a* — -00329. 

If the aeroplane is ascending or descending with a 
, velocity of 1,000 feet per minute and the temperature 
I gradient is l-9°0 per 1,000 feet of height, then A = 032°C per 
second. 

The following lags are calculated on the assumption that 
i-c = *05 cm. in all cases and the experimental result that 
It — <00309 c.g.s units for a speed of 60 m.p.h. 

Infinite surface conductivity (h—t oo). 


Mercury sphere 


•213(1 

Alcohol sphere 

.. 

•81 (1 

Mercury cylinder 


•09 (1 

Alcohol cylinder 

... 

•13 (1-#-»“)• 
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Finite surface conductivity (h 00309 e.g.e). 

Mercury sphere .. 1-849(1— 

Alcohol sphere ... 1-79 (1 -e~ mt ) 

Mercury cylinder .. 1-06 (1 e~' mt 1 

Alcohol cylinder . -60(1— «-"*•) 

These expressions are shown graphically in the appended 
diagrams 
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THE THEORY OF ROWING. 

i By F. H. Alcxakdkr, M.So. 

Read Not. 4th, 1021. 

Rowing is an art as well as a science. The physiological and 
psychological characteristics of the rowers put limitations upon 
the amplitude and duration of the forces they can exert. 

Whether these forces are known or not the application of 
them to the propulsion of the boat comes under the law9 of 
mechanics, and the present paper aims merely at giving a state* 
ment of the manner in which these laws operate in the case of 


-He l - 



rowing; and to explain it by graphio representation. 

Much has been written about the practical side of oarsman¬ 
ship ; comparatively little about the theoretical side. In 1773 
Euler published his “Complete theory of the Construction and 
Properties of Vessels.” A supplementary chapter of this work 
dealt exclusively with the principles of rowing. He omitted 
reference to some parts of the problem which are of importance 
in these days of light boats; but oertain later writers mi ght 
have avoided errors of thought if they had studied that ohapter. 

Reference will be made later on to some experimental work 
carried out in Franco and England in order to ascertain the forces 
actually employed in rowing. 

Hie oomplete cycle of the rower’s movements comprises the 
“stroke,” which propels the boat, and the return or “feather,” 
during which he moves aft to commence the following stroke. 

In boats of the raoing type, in which the oarsmen sit almost 
on a level with the water surface, the path of the immersed oar 
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blade ifl along an arc of a circle forming a section of a cone with 
its apex at the rowlock. Similarly the hands move along an are 
of an inverted conic Bection. In Fig. 1 G.E.O. represents the 
“centre of pressure” on the oar blade, and C.E.H. the “centre 
of pull” of the hands. Strictly speaking, these centres are not 
fixed points during the stroke, because the outer hand and the 
outer part of blade are more concerned at the early part of the 
stroke, and the inner hand and inner part of the blade towards 
the finish. 

-rEm2- -fie 3— 



considerable extent. 

The amplitude of the path of C.E.O. (assuming it fixed) 
varies with different oarsmen and according to rig and length of 
oar; but the commencing angle is seldom greater than 60° with 
the thwartship plane and the finishing angle seldom greater than 
40° abaft that plane. 

Assuming the blade immersed and making an angle 0 with the 
thwartahip plane, consider the principal forces operating 

Firstly (Kg, 2) the forces normal to the axis of die oar, 
arePi at “C.E.H. ”: P* at “C.E 0 ”: P» (the sum of Pi and 
Pi) at the rowlock. 

Pi and that part of Pi which is equal to Pi foipot.an “inboard 
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couple ” of radma n : Pt and its equivalent part of Ps fonu an 
“outboard couple” of radius r>. Taking moments about the 
rowlock: Pin=Ptn. 

Considering first the “inboard couple” only, H (Kg. 8) 
represents the fore-and-aft component of the pull of the rower 
as the movements of his shoulden are more nearly in a straight 
line than on an arc such as that of the oar handle. The pull H 
may be resolved into components Pi=H cos 0, and 0=H mn 0. 

H is balanced by a reaction S of the rower’s feet upon the 
stretcher. 13118 reaction is transmitted by the boat and rigging 



to the rowlock, and as the rowlock does not move in relation to 
the boat there must be an equal and opposite foroe Hi equal to 8. 

The foroe 0, acting along the axis of the oar, causes pressure 
of the button on the rowlock. This force is outward during the 
earlier part of the stroke, but inward during the latter part. 
The “ inboard oouple” does not direotly propel the boat, but 
causes stresses in the hull and rigging. 

Considering next the “outboard oouple,” and referring to 
Kg. 4, the pressure on the oar blade Pa is transmitted by the oar 
to (he rowlock as part of Pa. This may then be resolved into 
Component* T=P* cos 0, and 6»Pt sin $. Of these, 6 seta a* 
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an inward compressing force on the rigging during the first 
part of the stroke and as an outward force during the later part. 
The force T is that which propels the boat. During the stroke, 
at any instant, there is a resistance R due to the speed of the 
boat through the water. At that instant the force (T—R) is 
available for accelerating the speed. If W represents the 

d *8 

weight of the mass to which an acceleration j- s is given, then 

£=Mw- 


Put into another form, it can be said that T=Ri if Rt repre¬ 
sents the “dynamical” resistance and not merely the resistance 
due to speed. 

We have now considered the principal forces on the oar, 
but there are certain lesser ones which should not be omitted. 
At the beginning of the stroke it is necessary to accelerate 
the angular motion of the oar up to the speed required for 
its operation; and again at the finish that speed must be 
cheoked till the oar is for an instant at rest and about to com¬ 
mence the swing m the opposite direction. This means that 
the inertia of the oar must be taken into consideration. If 10 = 
weight of oar, £=radius of gyration, and r=distance from row- 


look to C.G. of oar, we have:— 


, w ..^*0 


where pd is the couple necessary to give the oar an angular 
< 1*0 

acceleration of Thus we have, in effect, a subsidiary oar- 
like action as shown in Fig. 5 

At the C.G. of the oar, at a distance r outside the rowlook, 
there acts the couple ptr, and at the handle the equal couple 
ptd. The hands pull with a component force h during the early 
part of the stroke and relatively push during the finishing part. 
Daring the middle part of the stroke where there may be no 
acceleration present (as regards oar in relation to boat) these 
forces vanish. The forces on the rowlock have similar com¬ 
ponents to those of the principal forces already referred to, hut 
the component corresponding to propulsive thrust at commence¬ 
ment and the component of opposite direction at finish, should 
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not be included with the principal throat or the principal resist¬ 
ance, because their effect is taken account of when dealing with 
the effects on speed produced by the movements of the oarsmen 
and oars, as will be explained later on. It is necessary however 
to include h with H or pi with Pi when considering the actual 
forces exerted at the hands and on the rowlock, and to dis¬ 
tinguish between them in order to ascertain the efficiency of 
propulsion. 



We next consider the means by which the pressure Ps is 
obtained upon the face of the blade of the oar. If the blade is 
travelling at the same speed as the water surrounding it the 
pressures on the front and back are the same, just as a boat 
floating with the same speed as the current experiences no 
resista n ce at either stem or stem. To obtain resistance or 
pressure on the after face the oar must move faster than the 
water is moving from it. This excess of speed, which is often 
referred to as “slip” is in reality the “thrust producing” speed. 

If, at a given instant of time, the speed of the boat in relation 
to the water is Vo then, at a distance as far out from the boat’s 
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side as the oar blade, we may assume the speed of the water 
passing the boat as Vo alBO. The speed of the water away from 
the blade and normal to the oar axis is Vo cos # (Fig. 8). If the 
speed of the oar is Vi then the excess speed V* u the speed which 
causes the pressure Ps. A completely immersed flat plate 
towed in a direction normal to its surface has been found by 
experiments to have a resistance expressible in the form 
P=K.A.V * and a value usually accepted for K is 1*2 and for n 
is 2 where P expresses pressure in lbs. and A area of front surface 
of plane in square feet, the speed of advance V being in feet per 
second. 

The conditions in the case of an oar blade are not so simple 
as those of the plane for (1) the surface of the blade » curved, 
especially towards the tip where it turns towards the direction 
of motion. (2) The blade ib very near the surface, so that an 
air-filled cavity appears at the back. (3) The motion is trans¬ 
verse to the stream as well as normal to the axis of oar. It is, 
therefore, possible that the value of K and n may vary during the 
Btroke and may at no part of it have the values given above for 
an immersed plane. It will be seen later on, however, that the 
assumption of those values for application to an oar blade appears 
to give results in reasonable accordance with practice. 

The curvature of the blade toward the tip should apparently 
produce the effect of increasing the pressures near the tip when it 
first enters the water, and of reducing them near the finish of 
a stroke. Thu should cause the centre of pressure first to move 
outward a little and afterwards to move inward along the 
blade. 

Leaving the subject of propulsion by the oar for a time, we 
consider next the effeot of the rower’s movements upon the 
apparent speed of the boat. 

We have a “moving system” consisting of the combined 
masses of boat, rowers, oars, coxswain, and of a volume of water 
which accompanies the boat and shares in her changes of velocity. 
In vessels of ordinary type this has been found by experiment 
to amount to about 20 per cent, of the displacement. 

The movement of the centre of mass of a system is unaffected 
by movements of parts of that system within itself; but where 
movements of some parts take plaoe movements of the other 

» 
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parts also take place in an opposed direction so as to maintain 
the centre of the system in its position relative to external 
masses. 

This principle is of importance in the case of light boats 
with relatively heavy crews: such for example as those used 
for sculling and racing 

In Fig. 7 the time To Ts represents that occupied in a 
complete cycle, T 0 T 1 representing the “feather” and T 1 T 2 the 
“stroke.” If, after completing a stroke, the rowers remain 
still, the speed falls gradually as represented bv ADB. 

*— Fig 7 — SrnL — 



— Flo Q — Ron* *9 fihYtw; rOm ft Our — 



As R vanes approximately as (Vo)* the falling line is not 
quite straight but curves slightly concave to the time line ToTa. 

In Fig. 8 the rowers are assumed to move as they would if 
rowing, but to keep their oars out of the water. The apparent 
speed of the boat as measured by looking at a fixed part of it 
(such as the stem-head) is represented by the line AGDEB. If 
however we could watch the position of the “C.G.” of the boat 
and contents instead of the stem heads, the speed of this “C.G/* 
would still be practically as shown by the line ADB in Fig. 7. 
It is of course a common experience that when the bow of a small 
boat has been brought to a bank and one walks forward to get 
walking forward seems to draw the boat away from the 
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Now if we consider the shaded area (Fig. 8) between AD and 
ACD daring time T 0 T 1 this area represents the distance moved 
by the boat in a forward direction, and similarly the area between 
DB and DEB represents the distance moved aft, and these 
distances must be equal because they result from equal distances 
moved by the rowers, therefore the effect upon the average 
speed during the complete cycle is ml. There iB however an 
indirect effect upon propulsion. 



During the “stroke’' between Ti and Tx the forward com¬ 
ponent of blade thrust gives acceleration resulting in a rising 
curve of speed, which, when superposed upon DEB, gives DFG 
of Fig. 9. If the speed at G has risen to that of A (at To) then 
the boat is maintaining a “sustained average speed” which 
may be determined by integrating the speed curve with tune, 
and dividing the distance so obtained by the time interval ToTt. 

At first sight, the drop in speed during the stroke seems a 
disadvantage, but it acts in a manner analogous to that of the 
wake behind a ship upon the screw propeller; it causes a lower 
speed of oar to get the thrust, and thus prolongs the time during 
which the acceleration is given; this obviously results in a 
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changing speed Vo similar to that given m Fig 9 The integral 
of Vi gives the movement of the “CEO,” and this, convuted 
into angular movement, is represented by the curve $ 

The curve Vo cos $ represents the speed of water away from 
blade, but normal to axis of oar (see Fig 6) Therefore V* 
represents the “ thrust producing speed ” 

The instant A is that at which the oar blade should become 
completely immersed At the instant B it should be brought 
out 

During the time of immersion bending of the oar is caused by 
the forces at each end, and this causes a slight change of angular 
position at the blade, the nature of which is represented by the 
curve marked “ 0 with lag ” 

Fig 13 shows the curve of Ps or blade pressure normal to oar 
axis corresponding to the accompanying value of V* From this 
is derived the component Pa cos 6 or propulsive thrust T The 
integral of this latter curve is proportional to the increase of 
. speed resulting instant by instant, and thus may be obtained 
the curve Y p (whioh was referred to in Fig 9 as DFG) 

Now the curve of “hands on are" is directly proportional to 
that of Vim Fig 12, and if the other curves of Fig 10 aie obtain¬ 
able, bo as to give the curve Vo of Fig 12, it becomes possible to 
adjust the shapes of all the curves concerned so that they fulfil 
the controlling conditions It is a process of trial, error, and 
correction if quantitative values are desired 

It may help to make the subject clearer to some readers if 
an attempt is made here to express the various factors concerned 
by means of estimated quantitative results 

The case of a “racing eight” is selected and the following 
weights are assumed — 


Boat 

280 lbs 

8 Oarsmen 

1,368 „ 

8 Oars 

72 „ 

Coxswain 

130 „ 


1,860 lbs 

Accompanying water 20 % » 

370 „ 


If 


2,220 
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The boat is 62 feet long and the resistance at a speed of 17 feet 
a second is estimated to be 84 lbs. and to vary nearly as (Vo)* 
over a range of neighbouring speeds. This resistance includes 
the effect of the wind pressure caused by the speed when moving 
in still air. Ninety-four per cent, of the water resistance is dne to 
fluid friction on the immersed surface of the boat. Actual 
wind against the direction of advance makes a large increase in 
the resistance, as oarsmen know ; it is estimated that a 10-knot 
wind blowmg slightly on one side so as to catch all the rowers 
and the coxswain, raises the resistance from 84 lbs. to 130 lbs. 
at a speed of boat of 17 feet per second. 

Fig. 14 shows the dimensions of the oar. 

The centre of effort of the oar has been calculated on the 
assumption that the pressures vary from neck to tip as (V,)*. 



Some writers make use of the centre of gravity of the blade 
lamina, but this would involve pressures of the same intensify 
over the whole surface: others consider the pressure to vary 
as V;. Obviously the value of V< at the neck is smaller than 
that at the tip. The ratio of “outboard” to “inboard” iB taken 
as 2*4. The arc swept through by “C.E.O.” is 12*24 feet in 
length, the angular movement being from 60° forward of the 
thwartship plane to 40° aft of it. 

Each oarsman is assumed to be of the same force capability 
as his fellows and to be moving in perfect unison with them; 
an ideal imaginary crew. 

Preliminary trial and correction shows that a maximum pres¬ 
sure on the oar blade of 60 lbs. can maintain a sustained average 
speed of nearly 17 feet per second and that the rime taken in 
swinging the oar through its full angular distance during the 
stroke is seven-tenths of a second. 
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For the 60 lbs. pressure on oar blade the thrust speed V, at 
“C.E.O.” is 7 feet per second. 

Assuming that about 80 per cent, of the weight of each man 
can be given to acceleration of his own body and that he can in 
addition use the necessary force to accelerate his oar, it beoomea 
possible to draw the curve of Yx throughout the stroke. This 
curve Vi can not at any instant be more than 7 feet per second 
in excess of the value of (Vo cos o). The area under Vi must 
represent the 12-24 feet swept through by the oar blade. He 
rate of rise of Vi at commencement and during early part of 
immersion must be proportional to the integral of the forces , 
that are employable instant by instant. The integral of Vi 
gives the value of $ at each instant and thus Vo cos $ for that 
instant is obtainable. 

The maximum speed of oar is 22-4 feet per second and the 
“slip” at this speed is 31 per oent. 

During “stroke” the initial speed is 16 feet per second; the 
lowest Bpeed 13-60 feet per second; mean speed 14-80 feet per 
second; and the distance advanced 10-36 feet. He final 
speed is 17-66 feet per second. 

During “feather” the initial speed must be the 17-66 feet 
per second just mentioned; the time of fall to 16 feet per second 
is 1 *09 seconds, therefore this is the time allowable for “feather.” 
He maximum speed is 18-96 feet per second; the mean speed 
18-10 feet per second; and distance advanced 19-70 feet. 

Hus the time of cycle is 1-79 seconds and this means 33} 
strokes per minute. 

The distance moved during cycle is 30-06 feet giving a sus¬ 
tained mean speed of 16-80 feet per second. 

(His speed would, if continued throughout, without allow¬ 
ance for fatigue or for loss of time at starring, and with no wind 
or current, cover the 6,870 feet of the Henley Royal Course in 
6 minutes 60 seconds). 

Although the time of stroke is seven-tenths of a second the 
oar blade is fully immersed for less than six-tenths of a second. 
Time is required for dropping and lifting and for accelerating 
and checking the oar. 

The maximum force on oar handle normal to axis is ltSO lbs. 
to balance the 60 lbs. on the blade, but at each end of stroke 



173 


tii ere are the additional forces employed in aooderating and 
checking die oar, which have been already referred to (Fig. 0). 

If these forces are included, it becomes possible to obtain 
a diagram representing the pressures on the rowlock throughout 
the stroke, and to separate these pressures into those used in 
propulsion and those used for acceleration. As the latter are 
positive at commencement and negative at finiab, their final 
effect upon the propulsive part of the diagram is very small, and 
appears as a movement of the observed rowlock pressures to a 
slightly later anghlar position. In Fig. 15 Carve A represents 
pressures on rowlock normal to oar axis; Curve B represents 
the corrected pressures concerned in propulsion alone (the 
differences being acceleration pressures). 

From Curve B may be deduced the Curve C showing die forces 

-EsJ5- 



Pi at hands (see Kg. 2), and the area under C then represents 
the work done at the hands and directly concerned in propul¬ 
sion. For the illustrative case this work is 600 foot-pounds per 
' man per stroke. 

If it is intended to estimate the propulsive efficiency of the 
rowing, then it is necessary to include the following other pieces 
of work in addition to the above 500 foot pounds; (e) that 
involved in oar and body accelerations; (6) that involved in 
raising and lowering the C.G. of the body (c) that involved in 
making the whole of the “feather” movement, (<f) that involved 
iu overcoming internal resistances and subsidiary muscular 
movements during the oomplete cycle. Of these, (a), (6) and 
(f) may be calculated, but (d) is at present an unknown quantity, 
and may vary considerably in different individuals, and with 
different styles of movement. 

The integral of the Speed Curve Vo (Fig. 12) gives the distance 
• advanced by the rowlook instant by instant, and the integral of 
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Vi gives the angular j osition of the oar so that it becomes pos 
Bible to obtain a figure giving the path moved through by a 
po nt on the oar In Fig 16 A shows the path of the lade tip 
during stroke (as projected m plan) and fi is the path ot a point 
near the neck 3 feet m from the tip Fig 17 represents for com 
panson a photographic record to which reference is made later 
on 

Now it is reasonable to ask how far are these estimated forces 
and speeds in ac ordance with those which a< tually exist 1 To 
answer this it is necessary to refer to such measurements as 
have been recorded 



In 1904 Mm lea docteurs Lefeuvre et Palhotte made 
measurements of the press ires upon the rowlocks and the 
stretcher of a sculling boat accompanied by records of the boat s 
speed and of the movements of the sliding seat The pressures 
were obtained 1 y the use of air cushions with diaphragms 
having a small movement and connected by lines of flexible 
tubing to pens recorling upon a revolving drum The speed 
of boat was takm from a small immersed vane of special shape 
which recorded j ressures assumed proportional to the square of 
the speed The n ovements of seat were taken by means of an 
attached piece of elastic cord of which the diminished stretch 
near the fixed end was recorded on the revolving drum Thus a 
straight line represents a stationary seat at each end of stroke 
The results of these investigations were published in Bulletin 
de 1 Association Technique Maritime 1904 under the title 
Etude gxaphique du ooup daviron en canoe One of the 
figures is given here 
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In the caae illustrated by Kg. 18, the sculler purposely 
rowed with an incorrect style in order to emphasise some of the 
phenomena which accompany the oarsman’s movements. Thus 
for example the curious sudden rise in speed at (a) just before 
stroke is obviously due to his having sat still during some second 
or so and then suddenly swung forward to commence the next 
stroke. Thus the nse m speed which as AGD in Kg. 9 is m the 
form of a long sweeping Curve, is here seen in the form of a short 
sharp curve. It is interesting to note also that in order to check 
himself at the finish of this movement he exerts a noticeable 
pressure on the stretcher just before be ginning the severe pres- 
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sure involved in stroke. The pressure on the two rowlcoks 
during stroke readied a maximum of 132 lbs. With an assumed 
oar leverage of 2-3 this would mean 40 lbs. on oar blades and 
92 lbs. on hands normal to axis of oar. 

Apparently at start of stroke the pressure on the stretcher 
reached 220 lbs. Probably most of this was needed for the 
acceleration of himself and of the two oars. 

The scale for speed of boat is not given but the time of oar in 
water is about five-tenths of a second. The strokes were 26 
per minute. Allowing for the shorter oar and shorter arc swept 
through, this time of stroke corresponds well with the seven* 
tenths of a second in the imaginary case. 






The sadden drop in speed of boat at start of stroke is very 
clearly marked, but the time scale is so small that the actual 
shapes of the pressure curves are difficult to determine. This 
difficulty is increased by the fact that the rowlock pressures 
were drawn by pens moving radially instead of in straight lines. 
It is this whioh causes the curious set forward towards the right 
at the upper end of these curves. 

The investigations included tests of various styles of rowing 
and the diagrams accompanying the article showed many points 
of interest whioh cannot be referred to here for want of time. 



- Fig 20 - 



We consider next the records obtained by Mr. E. Cuthbert 
Atkinson, and published in Natural Science, March, 1896, and 
August, 1898. He designed and fitted an “indicator” on the 
rowlock, such that a recording pen drew a curve of pressures ae 
they varied throughout the stroke with the angular movement 
of the loom of the oar. The instrument of 1898 was an improve¬ 
ment upon the earlier one and gave continuous records of suc¬ 
cessive strokes so that the effect of fatigue could be measured. 

Fig. 19 shows three selected specimens of the many records 
he obtained. As already explained, pressures upon the rowlock 
can be converted to those at the hands if the leverage ratio of 
the oar is known, and if due allowance is made for the inertia of 
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the oar at commencement and finish of stroke. The premies 
shown are modified from thoee obtained at the rowlock by using 
the leverage ratio but no allowance appears to have been made 
for the effects of oar accelerations. As explained in connection 
with Fig. 10 the angular positions in relation to actual com¬ 
mencement of stroke would need modification if the diagrams 
were intended to represent propulsive pressures alone. 

In Fig. 19 curve A represents the diagram of one of the most 
powerful strokes Atkinson recorded. The angular amplitude is 
very great, and the maximum pressure of 129 lbB. is well main¬ 
tained throughout its possible range. The work done is 571 
foot pounds. 

Curve B represents an abnormal stroke of exceedingly hi gh 
maximum force (166 lbs ) but of short amplitude. The work 
done is 498 foot pounds, and it should be remembered that the 
time during which the short stroke is in action is lessened in 
comparison with that of the long stroke, so that this stroke in 
spite of its high maximum force would be much less effective 
than A. 

Curve C represents a stroke taken upon a fixed seat, and 
its falling pressures toward the finish are characteristic of all 
fixed seat diagrams. The work done is 370 foot pounds. 

The strokes A, B and C were made when rowing at the rate 
of 22 per minute. 

The curve marked “estimated” is deduced from rowlock 
pressures m the same manner as those of A, B and C and the dose 
agreement in shape between this curve and that marked A shows 
that the calculations made in this paper are reasonably in 
accordance with observed facts. 

As regards the question of fatigue, Atkinson's 1898 paper 
gave diagrams to show the falling off in work done after rowing 
had been in progress for some minutes. It was estimated in a 
certain case that the fall in 100 strokes was about 13 per cent, 
and in 150 strokes 18 per cent. Fig. 20 shows an early stroke 
in pressure diagram D, and E shows the diagram produced 
130 strokes later. As the rate of stroke was about 22 per minute,' 
the fatigue effect is that due to about six minutes rowing. 

In order to ascertain the movements of the oar blade in the 
water and the position of a possible stationary point between 
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rowlock and blade tip, Atkinson took a “Cinema” record with 
120 exposures at the rate of 14 per second The camera was 
fixed about 23 feet above the nver Cam and used when there 
was practically no stream to vitiate the results Points were 
marked on the oar at button, at tip, and at 3 feet in from tip 
From this camera record the diagram of Fig 17 was made 
The lower curve is the locus of tip of blade , the looped curve 
for the point 3 feet in from tip 

Comparing this diagram with that shown in Fig 16 the 
similarity appears to be so marked as to lead to the conclusion 
that the “dip” used m the calculations of the lmagnaiy case 

- He 21 - 




is reasonably correct and that the pressure formula P*=l 2A(V ( )* 
may be used without involving senous error 

I do not know how much value has hitherto been attached to 
these investigations of Atkinson, but they seem to me to throw 
more light on the scientific side of the problem of rowing than 
any other work I have come across It is however to be re¬ 
gretted that the pressure diagrams were not accompanied by 
records of the rowers' movements and the speed of the boat 
The French records would have been greatly increased m value 
if the diagrams had been more open and increased m scale, and 
if the scales had been given with them 

Many points of interest can be dealt with by these graphic 
methods, but it would extend this paper to too great a length 
to refer to them here One point only is illustrated by Figs. 
21 and 22. 
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Fig. 21 shows the speeds of two boats A and B in relation to 
the speed existing at end of stroke. LiLs represents the time of 
a complete cycle. Fig. 22 is the integral of the differences of 
speeds of A and B with respect to time, and shows the gain of 
distance made by A. 

These figures il'ustrate the case of two boats racing together 
each being similar to that of the imaginary example. They are 
assumed to have bows level at a distance 13 feet from the finish¬ 
ing line. The crew of boat A have just finished a stroke, but the 
crew of boat B are about to commence a stroke. Boat A wins 
the race by 2*65 feet in seven-tenths of a second while boat B 
is performing the stroke, and advances only 10*35 feet. 

Supposing the crew of boat B had sat still and not attempted 
to row, they would have lost by 2*1 feet instead of 2*65 feet. 

Alternatively supposing the crew of boat A had quickened 
their movement so as to complete the “feather” in seven-tenths 
of a second instead of in 1*09 seconds, and crew B had rowed 
the stroke, then A would win by 3*0 feet. 

Prominence has here been given to a study of “stroke” only; 
but during “ feather ” it is of importance to reduce the work done 
to a minimum, and with this object, the movement of bodies 
and oars should have constant velocity over as large a range of 
the available time as possible, and the accelerations be made 
short and sharp at each end, as for example by extending the 
arms at once at the conclusion of stroke. 
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BLADE LEAKAGE IN REACTION STEAM TURBINES. 

(A Reply to Professor Callbndar ) 

By Da. Jomr Mobbow. 

[RmwI Dooembor 12th, 1021]. 

An important factor in determining the efficiency of a reaction 
steam turbine is the working clearance which must necessarily 
be allowed between the tips of the blades and the surface of the 
rotor or cylinder. Since the ordinary test results give the 
overall efficiency of the turbine, an underestimation of the loss 
due to leakage through the blade clearances usually leads to 
exaggerated estimates of the losses due to other causes. The 
radial clearances vary with the mean diameter of the blade ring, 
and sometimes also with the length of the blade. Hence these 
clearances are larger at the lower pressure than at the higher 
pressure portions of the turbine ; but, on account of the shortness 
of the blades at the high pressure end, the proportion which the 
clearances when the turbine is hot bears to the blade height is 
greater there than at any other part. To reduce the clearance 
losses, Messrs. 0. A. Parsons Sc Go. have during recent years 
fitted the high pressure portions of their turbines with “end- 
tightened ” blading, and the clearance is then measured in an axial 
direction between one row and the next as shown in Fig. 1 (6), 
instead of radially as in Fig. 1(a). The magnitude of the axial 
cl e arances can be varied by means of the adjusting block although, 
if the turbine be also fitted with axial clearance dummies, the 
minimum blade clearance, will usually be limited to that which 
the dummies allow. 

If the blading is so arranged that, when the turbine is oold 
and the rotor pulled forward, the axial blade clearances are 
sero throughout, then, on heating, and owing to the greater 
longitudinal expansion of the rotor as compared with the cylin¬ 
der, the clearances will be smallest at the admission end, that is, 
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At the end nearer the adjusting block, and will gradually increase 
towards the lower pressure portions of the turbine. A point 
will be reached at which the axial clearances with end tightened 
blading will equal and ultimately exceed the radial clearances 
which would be allowed with blading of the older type. This 
is, of course, the point at which it is desirable that the end 
tightened blades should be discontinued. 



Fiq« 1* 


In a further development of this method of construction, 
the clearances in turbines for use on land are arranged to be as 
small as possible when the turbine is hot and, before stopping, 
the adjusting block is moved so as to increase the clearances 
before the turbine cools. Under these circumstances the end 
tightened blading extends throughout nearly the entire turbine. , 
When examining, in 1910, the conditions under which re- ' 
action blading operated, the author found that the theories of 
tip leakage were unsatisfactory and he formulated * new theory 

u 
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BLADE LEAKAGE IN REACTION STEAM TURBINES. 

(A Reply to Frorssor Oallkndab.) 

By Dm. Job* Mommow. 

[Bead Deoamber 12th, 1091]. 

An important factor in determining the efficiency of a reaction 
steam turbine is the working clearance which must necessarily 
be allowed between the tips of the blades and the surface of the 
rotor or cylinder. Since the ordinary test results give the 
overall efficiency of the turbine, an underestimation of the loss 
due to leakage through the blade clearances usually leads to 
exaggerated estimates of the losses due to other causes. The 
radial clearances vary with the mean diameter of the blade ring, 
and sometimes also with the length of the blade. Hence these 
clearances are larger at the lower pressure than at the higher 
pressure portions of the turbine ; but, on account of the shortness 
of the blades at the high pressure end, the proportion which the 
clearances when the turbine is hot bears to the blade height is 
greater there than at any other part. To reduce the clearance 
losses, Messrs. G. A. Parsons Sc Co. have during recent years 
fitted the high pressure portions of their turbines with "end* 
tightened ” blading, and the clearance is then measured in an axial 
direction between one row and the next as shown in Fig. 1 (6), 
instead of radially as in Jig. 1(a). The magnitude of the axial 
clearances can be varied by means of the adjusting block although, 
if the turbine be also fitted with axial clearance dummies, the 
minimum blade clearance, will usually be limited to that which 
the dummies allow. 

If the blading is bo arranged that, when the turbine is cold 
and the rotor pulled forward, the axial blade clearances are 
aero throughout, then, on heating, and owing to the greater 
longitudinal expansion of the rotor as compared with the oyhnr 
the clearances will be smallest at the admission end, that is. 
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at the end nearer the adjusting block, and will gradually increase 
towards the lower pressure portions of the turbine. A point 
will be reached at which the axial clearances with end tightened 
blading will equal and ultimately exceed the radial clearances 
which would be allowed with blading of the older type. This 
is, of course, the point at whioh it is desirable that the end 
tightened blades should be discontinued. 



Fin. 1. 


In a further development of this method of construction, 
the clearances in turbines for use on land are arranged to be as 
small as possible when the turbine is hot and, before stopping, 
the adjusting block is moved so as to increase the clearances 
before the turbine cools. Under these circumstances the end 
ti ght ened blading extends throughout nearly the entire turbine. 

When examining, in 1910, the conditions under which re¬ 
action blading operated, the author found that the theories of 
tip leakage were unsatisfactory and he formulated a new theory 

is 
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to give a better representation of the foots. Hie desirable 
features of such a theory, if to be of use in practice, are sim¬ 
plicity in application, a sufficiently close representation of the 
foots and, as far as possible, a rational basis. A brief account 
of this was published in 1911 (“Steam Turbine Design,” pp. 
76-77) and, since it has recently been criticised by Professor 
Callendar, it is here slightly elaborated, applied to end tightened 
blading, and verified by comparison with experiment. 

Since the clearances are small compared with the blade 
length, the pressure of the steam in the space between any two 
rings of blades may be taken to be uniform. Fig. la shows a 
stage, comprising one fixed and one moving row, in which the 
clearances are greatly exaggerated. The steam pressures are 
denoted by p„ p, and pi. The increase in volume of the steam 
whilst passing through a single stage is so small that it can be 
neglected for the present purpose. 

Let A=blade height in feet, 
c=olearanoe in feet, 

A-fc=width of annulus oocupied by blading, 

V.=axial component of the velocity of the steam whilst 
entering the blade passages of either the fixed or 
moving row. 

The velocity of the steam when leaving the stationary blades 
may be denoted by V and we have the relation 

V, - *V. 

where k is the ratio of the sectional area at inlet to that at out¬ 
let, both areas being taken at right-angles to the flow. Usually 
k may be taken as the ratio of the widths of the ohannel, that 
is a/b in Kg. 1: it is sometimes referred to as the area ratio or 
the gauging factor, and is frequently taken as equal to 1 

sins 

where a is the blade angle shown on the diagram. Sinoe the 
heat drop is the same for the clearance steam as for the steam 
pr— i"g between the blades, the magnitude of the velocity 
generated will be the same, namely AV«. But in the clearances 
the steam tends to flow purely in an axial direction with thjs 
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velocity, whilst in the stationary Hades the velocity iV. is 
in the direction indicated by the angle a, and the axial com¬ 
ponent is simply V.. Assuming that the path of the clearance 
steam is, to all intents and purposes, axial in direction, it is 
obvious that the flow of steam through the clearance is k times 
as much as would flow through an equal length of blade passage. 

Thus, considering a sector of blade ring of unit length cir¬ 
cumferentially, the steam flowing through the blades of one 
fixed or one moving row is KV. cubic feet per second, whilst the 
steam which escapes the row by flowing through the clearance 
space is kcV. cubic feet per second. 

Two distinct problems arise : The first is the determination 
of how muoh steam flows through an expansion with given 
clearances; and the second concerns the efficiency factor and 
may be described as the evaluation of the fraction which repre¬ 
sents the proportion of the energy of the total steam which is 
effective in doing useful work on the moving blades. 

Effect of clearances on Steam Consumption .—With regard to 
the former, it is convenient to compare the actual total steam, 
W (lbs. per hour, say) with that which would flow through the 
turbine if the blades remained of the same height but the dear* 
ances were supposed to be reduced to zero. This latter quantity 
may be denoted by W 0 . 

The ratio of the clearance steam to the blade steam in the 
actual turbine is hcjh ; but owing to the interference with the 
flow due to the magnitude and direction of the velocity with 
which the steam issues from the clearances, the average axial 
component V, in the blades is slightly less in the actual turbine 
than it would be if there were no clearances. Assuming that 
this disturbance is proportional to the relative quantity of 
clearance steam, we have 

W = W (1 +fkelh) 

where / is less than unity. There is sufficient experimental 
evidence, both freon special teste and from the ordinary trial 
results of turbines with either radial or axial blade clearances, 
to show that/is approximately constant and equal to $. 
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The total steam may therefore bs expressed by the equation 
W*=W„(l+r/2) . . . (1) 

where r stands for kr/h. 

Effect of Radial Clearances on Efficiency .—To obtain a solution 
of the second problem let us first consider the Bteam which passes 
through the clearance space of the fixed row. f it app oach 
the succeeding row with a velocity V, in the axial direction, its 
velocity relatively to the moving blades will be in a direction 
such as that indicated by the arrow in Fig. 1 (a). Its kinetic 
energy will be dissipated in shock and eddies and, as its direction 
is nearly at right-angles to the reverse edge of the blade, it will 
interfere with the action of some of the neighbouring steam. 
Therefore, having a direction of flow which is unsuitable for doing 
work on the rotor blades, this clearance steam is just as likely 
to have a brake action as to do useful work. The most reason¬ 
able assumption to make, consistent with the simplicity required, 
is that in the stage in question this steam perform! no useful 
work. Experimental results, described below, justify this 
assumption. 

Henoe, of the quantity AV„ which passes through thi blade 
passages of the moving row, kcV m does no useful work. That is, 
steam which performs useful work=(A— kc)Y m cubic feet per 
second, and this is the only steam which passes between the 
blades of both the stationary and moving rows. It may be 
referred to as the effective steam. 

Since the Total Flow=(A-fl»)V, cubic feet per second, the 
Efficiency, or the fraction which the effective portion is of the 
whole, is 


h — ha 1—kclh 

K+kc-T+BH ' 


. ( 2 ) 


In other words, for each pound of steam flowing through the 
turbine, (k—kc)/(h+kc) of a pound does useful work in the 
stage in question; and the remainder, 2 kc/(h+kc), is non- 
effective. The kinetic energy of the non-effective steam, as 
already mentioned, is dissipated and, increasing the entropy 
of the steam, it increases also the reheat factor. 
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It may be noted that the expression for the efficiency is inde¬ 
pendent of the magnitude of the heat-drop and of the value of 
the axial component V. of the velocity of the blade Bteam. An 
increase in the olearanoe usually causes, on account of the 
additional disturbance which it creates, a Blight reduction in 
the average value of V.; this however has no influence on the 
expression for the efficiency as determined by the theory. 

The term Jfec/A, which appears in both numerator and 
denominator of the expression, is the ratio of the olearanoe area, 
c, to the blade outlet area h/k, for unit length of circumference 
of blade ring. This ratio has already been denoted by r, hence 
Equation (2) becomes 

Efficiency *» .(3) 

Thus, for example, if r= *05, the olearanoe area is *05, or 6 pe* 
cent., of the blade outlet area, and the efficiency or ratio of effec¬ 
tive to total steam is -96/1 -Of, that is -905 or 90*5 per cent. If, 
at the same time, the conditions are such that the blade efficiency, 
assuming no clearance, is 81 per ent., then the efficiency with 
r=*05 will be 

•906 x *81>='733 or 73*3 per cent. 

The blade efficiency with no clearance depends on several 
factors, but chiefly on the ratio of the blade speed to the steam 
speed. When experimenting on the effect of clearance on 
efficiency it is therefore important that this speed ratio should 
be kept constant. 

In dealing with this subject, Callendar, in his important 
treatise, “Properties of Steam,” (p. 386) states, “Most authorities 
are agreed in taking the ratio of the working steam to the whole 
steam as 1—1/* to 1+21/x, when the annular area factor is 3, 
for each blade ring whether fixed or moving. But since the leak¬ 
ing steam cannot contribute anything in either case to the 
impulse or ho the reaction, it might appear at first sight as though 
the loss of efficiency should be doubled.” Callendar here appears 
to admit that the leaking steam is ineffective, but he proceeds 
as follows: “Morrow (foe. oit., p. 76) takes this view on slightly 
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different grounds, and gives the effective proportion o' the work¬ 
ing steam as being (1—3i/a:)/(l+3i/»), which makes the loss of 
efficiency twice as great as the expression (\-l/x)/{l-\-2l/x, in 
the limit when l/x is small, and which leads to improbable results 
when l/x is large.” It will be gathered that Callendar here 
uses x for the blade height and l for the clearance. The fact 
that the one theory makes the loss twice as great as the other 
when the clearances are relatively small is, of course, the point 
at issue. It was the inability of the older theory to account 
adequately for the loss that rendered further investigation and 
replacement necessary. The statement that the newer theory 
“ leads to improbable results when l/x is large” is not in 
accordance with available experimental data when l/x is limited 
to such values as occur in practice. Callendar however evidently 
uses this phrase in reference to values which are many tunes larger 
than .any which occur in steam turbines, for he continues: 
"To take an extreme case, when I=x/2 .... Morrow's fraction 
would make the efficiency negative, whereas it is evident that 
there would still be some balance of useful work.” 

With regard to this criticism, whioh is apparently the decid¬ 
ing factor in Calendar's consideration of the subject, it is only 
necessary to say that the theory was not formulated to deal 
with BUch cases. Callendar accepts as a basis for deduction or 
calculation (though not necessarily as representing actual 
conditions) that the quantity of steam passing between the 
blades can be taken as AV. and that passing through the clearances 
as kcV.. On this assumption more steam, in the special case 
which he considers, leaks through the clearances than passes 
between the blades. Some of the fixed blade clearance steam 
would then paes through the moving blade clearances also, and 
this leads to the negative sign in the formula. 

Further, the statement that there would still be some balance 
0 t useful work might be true if the turbine were running at some 
lower speed conducive to such work being performed; but in 
reality the speed is determined by the action of all the stages 
a&d expansions of the turbine, and it must be assumed to be 
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running at its designed speed and with its designed ratio of 
blade speed to steam speed; under these circumstances it is 
probable that the particular stage or expansion with the enor¬ 
mous clearance would act as a brake and justify a negative 
result from the formula. 

Experimental Remits .—The effect of clearance on efficiency 
has been the subject of a very large number of experiments 



made by the staff of Messrs. 0. A. Parsons k Go. These experi* 
meats were carefully carried out and form an exhaustive investi¬ 
gation of the subjeot It was found that, for such clearances 
as occur in praotioe, the results may be stated in a simple 
approximate rule as follows: If the clearance ana be expressed 
as p per cent, of the outlet area of the blade channel*, then 




188 


the loss in efficiency dne to blade leakage is 2 p per cent, of the 
blade efficiency when there is no clearance. 

When clearances are excessive the loss appears to be less than 
given by the above rule, but for all ordinary clearances the 
rule is in practically complete agreement with equation (2). 

By the courtesy of Messrs. C. A. Parsons & Co. 1 am able to 
give the following details of a series of tests. They were made 
on an experimental turbine consisting of a single expansion 
having seven rows each of fixed and moving blades. Measure¬ 
ments were made of the steam consumption, hone-power, tem¬ 
peratures, pressures, etc., and to ensure accuracy the steam 
was superheated sufficiently to remain dry throughout the range 
of expansion. The blades had radial tip clearances and were 
of the standard J inch type of normal blading, with an area 
ratio of &—2-86. The clearances were measured with the 
turbine hot, and these were varied for the different trials, the 
fixed and moving blade clearances being made as nearly aa 
possible equal. The efficiency ratio, determined from the 
S.H.P. and steam consumption, is shown by the curve AB in 
Kg. 2. for a velocity ratio of 0*60 The correction for “re-heat’* 
is very small and may be neglected, and the efficiency for aero 
clearance ib seen to be about 0*81. The curve DE is obtained 
by dividing the ordinates of AB by 0*81, and from this the loes 
due to blade leakage may be obtained. The ordinates of DE 
are thus the efficiency factors or the ratios of the effective to 
the total steam. 

The Parsons’ empirical rule, applied to this case, is that at 
any point on the curve DE, the percentage loss, l, is twice the 
MTcentage clearance area p. The results are compared with 
the various rules in the following table. The last column, headed 
"axial clearances ” has been added to the table and is explained 
Later. 

The agreement of equations (2) and (3) with the experimental 
results is quite good. In order that the figures may be strictly 
comparable the actual value, 2*86, has been used for the ana 
factor in the formula given by Gallendar; it will be seen how* 
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ever that this formula accounts for about one-half only of the 
observed loss. 


Tabu L-Emwcr Fautom bob Bun Lbakagb. 


r 

Oaujulatcd Faotob* 

OwturiD Facto ml 

-fco/Jk 

Fwwo'a 
Approx Bole 

IflittUOM 

MvtlnA 

Oenwdftr 

Rediftl 

gainpot 

AU»1 

Oleemnoe. 

o-oo 

1.00 

1*00 

1*00 

1*00 

1*00 

*02 

‘96 

•96 

•98 

•95 

w 

•04 

■02 

•92 

*96 

•91 

*91 

•00 

•88 

89 

*94 

•89 

*88 

•08 

*84 

*80 

*93 

•86 

•85 

•10 

•80 

*82 

D1 

84 

-84 


End-tightened, Blading .—The consideration given above to 
radial clearances is applicable also to the axial clearances of 
end-tightened blading, the only modification being that the 
flow through the clearance spaces is radial instead of axial. 
The symbol c now stands for the axial clearance and r-~kc/h as 
before. Equations (1), (2) and (3) may still be used, and we 
see that the advantage gained by the use of end-tightened blading 
is not due to any inherent improvement in the efficiency for a 
given clearance, but rather to the fact that the clearances them¬ 
selves may be reduced below what is found necessary to ensure 
safe winning with the older type of blade. 

It is said that the efficiency, as defined above, may be im¬ 
proved by any amount up to 10 per cent, by the use of end- 
tightened instead of radial clearance blading ; the actual improve¬ 
ment depends, of course, on the amount by which the clearances 
can be reduced. It seems not unreasonable to expect an improve¬ 
ment of 5 per cent, in an average case. The following tests on 
the effect of «i*l clearance on efficiency ratio were made 
with end-tightened reaction blading on the experimental turbine 
at Messrs. Parsons' works: 
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The turbine comprised 7 pairs of rows of } inch end-tightened 
normal blades having a discharge height of $ inch, on a mean 
diameter of 6 J inches. The ratio of mean gauge to mean pitch 
was 0*37, giving £=2*7, and the figures in the following table 
refer to a speed of 3,000 revolutions per minute. 

The steam consumption and efficiency ratio are plotted in 
Fig. 3, and it will be seen that the consumption for no clearance 



is W 0 —875 lbs. per hour, the corresponding efficiency ratio 
being 0*788. 

Tabu II.— Tbsts wits Kjtd.tiohtikbd Bunso. 
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The agreement of the observed steam consumption with that 
calculated by Equation (1) is very close, the observed value in 
the third line of the table being obviously on the high aids. 
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The efficiency factors have been calculated from the smoothed 
curves and are given in the last column of Table I., they agree 
closely with those obtained from Equations (2) or (3). 

The lowest line in Table II. is for an axial clearance con¬ 
siderably beyond the practical limits and the observed efficiency 
is higher than would be given by the calculation. 

The formula adopted by Callendar was originated in the early 
days of the steam turbine by Mr. H. M. Martin, and it may well 
have been that, with the larger clearances then in vogue, it 
represented the facts sufficiently closely. For present day pur¬ 
poses it appears however to be defective, and it assumes 
apparently that steam which escapes the fixed guide blades is 
able to perform its full amount of work on the rotor. If this 
were true, there would appear to bo little reason for fitting 
stationary blades in turbines of Parsons’ type 
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TOWARDS A NEW THEORY OF LAUGHTER. 

ByJ, Y T Qmio U.A 
[Read February 16th 1029] 

It seems to me that the problem of adult human laughter is 
insoluble, unless it is approached through the simpler laughter 
of children Almost always—Darwin and Sully are the really 
notable exceptions in this country—those who have written 
on laughter have begun at the top and worked only a little way 
down If they have not all begun and ended with the comedies 
of Moh&re as, for instance Bergson has done, they have at the 
least struck off grand generalisations on laughter, usually in 
terms of intellect, which the merest tyro m psychology can see 
have no validity for the swift unreflective sometimes almost 
reflex, laughter of a child * There is no pretending that it is 
easy to relate the simple laughter of an infant to the complex 
laughter of an adult but for my own part I would rather frame 
a hypothesis that will work for the laughter of children, even if 
it seems not to cover the field with adults, than frame or accept 
a hypothesis that works for adults and leaves the laughter of 
children inexplicable 

The root idea in modem psychology is force It masquerades 
under a variety of disguises, calling itself impulse (the English 
school), the wish (the Freudians), l'61an vital (Bergson), or the 
libido (the Zurich school) The name is of no consequence for 
present purposes, and the best way to avoid controvery is to 
speak clumsily, but guardedly, of psycho-physical energy A 
hyphen turns away wrath 

But the idea of force or energy implies the idea of opposition 

* Cf Schopenhauer in everything that excite* laughter it most 
always be possible to show a conception and a particular that is a thing 
or event which certainly can be subsumed under that conception and 
therefore thought through it, yet in another and more predominating aspect 
does not belong to it at all but la strikingly different from everything else 
that is thought through that oonoept&on r * Tk s World os Will and Idea, 
Kag Trans , oth edit, rol u.p 971 
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The push outwards of psycho-physical energy, along the broad 
highways of the instincts, is met by the push inwards of all 
sorts of other forces And the push outwards in one direction is 
opposed or counteracted by the push outwards in other direc¬ 
tions Strains, and stresses, and conflicts of varying degrees 
of intensity are started, and feeling is the result Behaviour 
is felt as pleasant which is in a fair way to succeed, as unpleasant 
which is being prevented from succeeding Pleasure and dis¬ 
pleasure are both ultimate, neither is conceivable without 
some degree of the other And as soon as the feeling of dis¬ 
pleasure, which is the feeling of opposition, has ceased to be 
merely minimal, the complete feeling m behaviour, combining 
both pleasure and displeasure, has become sufficiently noticeable 
to be called emotional 

Coming down from these abstractions, I turn to the immediate 
topic We are fortunate m having a l&ige body of recorded 
instances of infantile laughter, in the writings of competent 
observers In this connection I need name only four—Darwin,* 
Preyer,f Sully, % and Miss Milhcent Shinn § I have not attempted 
to supplement their examples m any way, but accept them exactly 
as they are given In practically all recorded instances of lie 
earliest laughter of infants there is a common element m the 
situation which is said to call out the smile or the laugh This 
common element is the presence of some second person, almost 
always of th* family circle of course, who attracts the infant’s 
attention to him- or herself This second person smiles, babbles, 
sings, nods the head, covers and uncovers the head, or performs 
some other similar antics, or, more significantly still, touches 
the child on the bps, or cheeks, or chin 

This may not seem very much to go upon, but I suggest 
that it indicates that the smile and the laugh, m their beginnings 
at least, ore somehow associated with the instinct of love 
I choose the term “love” with some misgiving, and only 
because no suitable alternative suggests itself It must be 
understood in a very wide sense, as Marshall, for example, uader- 

* The SaprtMtton of ita Emotion*, and A Biographical Sketch of an Infant* 
t The Mind of tht Child 

| Shnhee of Childhood , and An B**ag on Languor 
f Note* on the Development of a Child, 
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t stood it,* or as the Freudians seem to understand the term 
“sex” Above all it must unite again the two supposedly 
separate instincts, Bex, and that associated with the tender 
emotion, which McDougall with a certain mediaevalism of 
thought has artificially divorced 

Touch elicits and touch expresses love, in animals, m children, 
and in grown men and women As to animals, one need go no 
farther than the work of Darwin one quotation must suffice 
Speaking of the desire of cats m an affectionate mood to rub 
against something, he says, “This manner of expressing affec¬ 
tion probably originated through association, as in the case of 
dogs, from the mother nursing and fondling her young, and 
perhaps from the young themselves loving each other and 
playing together Another and very different gesture, expres¬ 
sive of pleasure, has already been described, namely, the ounous 
manner m which young and even old cats, when pleased, alter¬ 
nately protrude their forefeet, with separated toes, as if pushing 
against and sucking their mother’s teats This habit is bo far 
analogous to that of rubbing against something that both 
apparently are derived from actions performed during the nursing 
period ’ t For the child, as for the puppy or the kitten, the 
earliest stimulus of love is the close touch brought about by the 
nursing embrace, and the instinct is first canalised by way of 
the lips and cheeks and tongue Infants first “notice” touch 
on those parts How sensitive the mouth and lips remain ever 
after m love needs no words of emphasis the kiss is sufficient 
evidence And along with the kiss should be considered the 
love-bite At some stage in their development all children tend 
to fall into this trick, and at times of strong sexual excitement 
tile most civilised of adults tend to “regress” to it From its 
beginnings, started by the close touoh of the nursing embrace, 
the instinct of love passes over into the other senses The vision 
of the mother’s face, vague though it be, and the sound of her 
voice, m soothing tones, become “substituted” stimuli And 
so the child comes to react with love to faces, if well lighted up, 
and to sounds that an not too harsh m tone The first stops m 

• “Love u the total vibration of the (yttem vhtoh, if oarried out to ite 
fall oonolaiion, would make o» arise and go to the loved one, m did the prodigal 
to his father " H B Marshall, Pam, PUtuart and AtttiUkct, p 7t 

f Tkt MapntnoncfO* Smottou (Bop, adit, 1904), p 110. 
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substitution having been taken, progress is rapid, and may 
continue almost indefinitely. From the mother who touches 
and caresses the child, suckles him, sings to him, smiles to him, 
laughs to him, and is forever disappearing and reappearing, love 
passes easily to other persons who do the same things, to moving, 
well-lighted, bumping, sounding, bo-peeping objects, living or 
dead, to anything associated with such objects, and so to the 
images or ideas of them. 

Now it seems to be quite certain that the smile begins in 
the infant in a quasi-mechanical fashion, as the prolongation of 
the behaviour of sucking. We therefore find one writer, at 
least, suggesting that the smile betokens an attitude of the whole 
organism in which the inception of food is the most striking 
characteristic.* I suggest that we ought to pass on from the 
primary result of the nursing embrace, the inception of food, to 
its secondary result, the stimulation of the love instinct. The 
feeding instinct in the infant is strong and impatient. It is, so 
to speak, heavily charged behaviour,* and all its responses are 
sharpened to a point, non-contributory movements being out of 
place. But the smile is just such a non-contributory movement. 
It gets nowhere, and, in relation to the feeding instinct, is a mere 
frill And so it would appear that the smile is dropped out of 
the very business-like behaviour of feeding, being gathered up and 
preserved within the muoh less business-like behaviour of love. 
For in its beginnings at least, in the infant, the instinct of love 
is but lightly charged with energy, and its behaviour is loosely 
co-ordinated, diffuse, easily diverted. In such behaviour the 
smile hardly gets in the road, because there is no particular road 
to get in. 

It is to be noted that the smile always remains within the 
behaviour of love, in later life, and only drops out at such times 
of strong excitement as allow no “frills” at alL 

It is more difficult to see how the laugh oomes to be added to 
the smile in the behaviour of the infant. (I assume that the smile 
does develop into the laugh, and that they are not to be regarded 

* Arthur Allin, in s review of Solly’s Amo* on Laughter, in Ptyck. B tri tw, 
vol. x., ISOS. 

* It soon oeeeee to be of this ehereeter in eivllieation, beosnee we do not 
wait for ohildren or adulte to be realty hungry before giving then tbs neat 
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as essentially different phenomena *) Bnt 1 think a modification 
of the theory hist put forward by Herbert Spenoerf will best serve 
our purpose here We may suppose an indeterminate amount of 
psycho-physical energy to be working itself out in love-behaviour, 
and the smile to be already established, in the way 1 have sug¬ 
gested, within the ill co-ordinated responses of this instinct 
Let the behaviour be opposed, or interrupted, it does not matter 
much how Two courses are now open to the infant He may 
divert his attention altogether from the end he was striving 
(not necessarily consciously, of course) to achieve, or he may 
perast, as against the opposition or obstruction, exerting himself 
more The respiratory equivalent of such exertion or bracing 
up is the taking of a deeper breath If the block m behaviour 
continues, and he cannot overcome it try as he will, his gathering 
energy will vent itself in gestures which we say “express” dis¬ 
pleasure He will cry and squirm perhaps But if, for any reason 
at all, personal or impersonal, the block or obstruction gives way 
almost at once, the surplus energy which is no longer required 
to push against it but which has been “mobilized’' for that pur¬ 
pose, may escape in non-contributory gestures similar to the 
oxy and the squirming The smile will cany off some of it, and 
if this channel is not suflicient, another must be found But it 
will be remembered that a marked feature of the previous 
bracing-up was a deeper inspiration Hus has now to be expired 
in any case, and the expiration has only to be made a little more 
explosive and noisy than usual to carry off much of the surplus 
energy When this has occurred, laughter has been bom 

Analysis of the behaviour of children results m this then, 
that whenever the laugh is one of the reactions, three elements 
or momenta can be found in the behaviour First, the function¬ 
ing, more or less, of the love-instinct second, some interruption 
or check to behaviour and third, the overcoming of the 
interruption 

Whatever there may be new in this theory relates to the 

* I cannot stay to argua thu point, bat it Memo to me i n ao n toatablo 
Exactly the same thins -which make* A smile makes B laugh what makes 
A hum to day makos him laugh to morrow 

f The Phgetohgy oj Laughter, m Bteage, rol. u Strange as it may warn, 
head's theory of the oomio (though not of wit) la olostly ana logons to 
Spsaesr’a, 
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first o' the three elements or moments. Practically all previous 
theories of laughter of any value call attention, in one way or 
another, to the second and third elements or moments. In¬ 
congruity, for instance, may be regarded as a logical check or 
interruption; in so far as it occasions laughter in the person 
who perceives it, it is a logical check that has been overcome. 

It must be admitted that the functioning of the love instinct, 
even in the tiny child, may be relatively so unimportant in the 
whole behaviour which contains the laugh, that for all practical 
purposes it can be neglected. The behaviour even of a small 
child is not all of a piece ; it is a pattern made up of several 
different strands. The love strand may be subsidiary, but it 
seems to hold the secret of the laugh. 

I have tested out this hypothesis over a wide range of ex¬ 
amples of the earliest laughter of children, and it seems to hold. 
But I confess that I have not yet covered the ground, even 
hurriedly, with adults, and 1 therefore hesitate to apply it 
universally. I surmise that fuller examination will show either 
that a sentiment or disposition of love (at its weakest mere 
fellow-feeling) can be found, on analysis, to have been stimu¬ 
lated either immediately or rnnemicaJly, m the older child, or 
the adult who laughs; or, alternatively, that laughter, as an 
interruptory gesture, has slipped into the behaviour of other 
sentiments or dispositions genetically closely related to love. 
Stendhal perhaps went to the root of the matter when he said, 
“II faut que j’accorde un certain degr6 d’estime k la personae 
aux d6pens de laquelle on pretend me faire nre.”* However 
that may be, it is quite clear that we laugh a great deal more, 
and more heartily, at Falstaff, or Uncle Toby, or Parson Adams, 
or l’Abb6 Coignard, than at Alceste, or Y Avare, or Tartufe ; and 
I suspect the reason is*that Shakespeare, Sterne, Fielding, and 
Anatole France show up the comic, as it were, against a back¬ 
ground of affection, whereas Molifcre is careful at every turn to 
eliminate the background. Moli&re inhibits as fax as he may his 
own and our fellow-feeling for his great comic characters, with 
the consequence that we laugh far less at them than at the rough 
fend tumble heroes of his farces. On the 4th December, 1822, 
Stendhal kept a careful note of the number of times a Parisian 

* * Maoine Skahupear*, 0 b, 9. 
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audience laughed during a performance of Tartvfe. The result 
was surprising; they laughed only twice. The first occasion 
was when, in the second act, Orgon, speaking to his daughter 
Marianne of her marriage with Tartufe, discovers Dorine eaves¬ 
dropping : the second occasion was provided by a cynical re¬ 
flexion passed by Dorine on love. There i« no separating love 
and laughter. 
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PLATO'S DEVELOPMENT OF THE SOCK A TIC PARADOX 
“ THAT VICE IS INVOLUNTARY.” 

By Miu 0 M Ssirur 
[Read Mm. 7th, 1022.] 

It is very generally agieed that Socrates was the founder 
of moral philosophy; for it was Sociates who first asked 
what was the meaning of those words which men used so 
glibly—justice, piety, temperance, courage—and discovered 
the ignorance of those who thought themselves good judges 
of such matters. Hie thought was turned in this direction, 
according to the Phaedo 1 of Plato, by an early disillusion¬ 
ment. In his youth, Socrates’ imagination hod been fired 
by the investigations of the physicists into nature. He had 
eagerly hoped that the problems of philosophy a ere to be 
solved at last by means of that new datum made known by 
Anaxagoras— voT*. mind. Anaxagoias held that mind was 
the mainspring of the univeise; but on analysis it proved to 
be not so much a mainspring as a makeshift, it was a 
sort of rieui ex maehtiw, dlagged m to account for physical 
processes where other explanations failed. So Socrates 
disappointed in the physicists, betook himself to speculations 
about the nature of morality, searching for the universal 
conception apart from the particulars, and inquiring into 
the motives and ideals of human conduct. 

Now Socrates’ theory of ethics disregards almost entirely 
wh&t might be considered a very important element, 
namely, the will. This is perhaps due to his own peculiarly 
resolute character, or to the warnings which he received 
from the divine voice, or to the fact that he was breaking 
fresh ground in philosophy, and was hampered by the 
elementary state of psychology—ot to all these reasons. 
But whatever the explanation may be, he believed that 
sin was involuntary. In the Protagoras of Plato, Socrates 


1 Plato, Ph*sdo, 97c, 
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is represented as saying “lam pretty well assured of this, 
that no wise man believes that anyone sins voluntarily, 
or does base and dishonourable actions voluntarily, but 
they know well that all who do base and dishonourable 
actions do them involuntarily. 1,1 There are also two 
passages in Aristotle which may be quoted here. Aristotle 3 
says “ Someone may perchance ask how, if a man has a 
right opinion, he behaves intemperately. For it would be 
strange if, as Socrates thought, while knowledge was in a 
man, something else should overcome him and drag him 
round as if he were a slave. Socrates, indeed, wholly 
disagreed with the idea on the ground that intemperance 
did not exist. For no man, he said, understanding what 
was best, acted contrary to the best, but he did so through 
ignorance . 99 And ugain u (Socrates) thought that all the 
virtues were branches of knowledge, with the result that 
to know justice was also to he just.” 3 It may be gathered 
from these passages that Soerates ignored the will (whai- 
ever we may mean by that) in making up his ethical 
formulae. If you knew what was just, you did it: if you 
did not do it, that was because you did not know what 
was just. Virtue was knowledge: vice was ignorance. 
It was a doctrine which revolutionized the conception of 
conduct and of the nature and function of punishment. 
It made upon Plato, perhaps the most devoted and certainly 
the most brilliant of the disciples of Socrates, a profound 
and enduring impression, and in this paper I hope to show 
that Ibis novel theory still formed the basis of Plato’s 
conception of morality at the end of his philosophic career, 
though Plato pondered it more deeply and in some of the 
later dialogues, especially the Sophist, Timaeus and Laws, 
gave it an added content and fresh implications by 
developing it in its place in his own scheme. 

In the Timaenst Plato, after describing bodily diseases 
and explaining their causes, turns to the diseases of the 

1 Plato, Protaqonu, 345B, See .1 m Xen Mem., iii. OS 

* Aristotle, Eth Nit., vii. 3, 1146", 31. 

• Aristotle, Bth. Bud., i. 6, 1316*, 6. 

'* Plato, Tinatut, 86B. 
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soul, which he says are brought about mainly by physio¬ 
logical conditions. The disease to which soul is liable 
is folly or want of understanding, and this manifests 
itself in two forms, in madness and in dulness. Owing 
to certain conditions of the body men are rendered 
susceptible to feeling excessive pleasures and pains by 
which they are maddened. Now these bodily affections 
operate on the soul, making it in tractable and impervious 
to reason. But the real cause of this perversity is not 
generally recognized. A man who suffers from the cor¬ 
poreal condition which Plato describes (he diagnoses it as 
an excess of marrow and an abnormally fluid state of that 
part of th^ body) is considered not io be sick but 
voluntarily wicked. But, says Plato, “ Almost all lack 
of self-control in pleasures is caused in this way, and the 
blame which is bestowed upon them as if men weie volun¬ 
tarily wicked is not rightly bestowed. For no one is 
voluntarily wicked— kok6$ yap Uwv ovSci's— bill it is 

through some bad state of body and illiberal upbunging 
that the wicked man becomes wicked, and these aie in every 
case hateful to him and put upon him against his will.” 
Moreover all sorts of failings, peevishness and melancholia, 
overboldness and cowardice, forgetfulness and want of 
knowledge are caused by derangements of the bodily system 
in those regions where the soul is attacked, viz., in the 
liver, the heart and the brain. Other contributory causes 
are the influences of badly ordered policies and of false 
and bad arguments which habituate youth to the form of 
evil and upon which their souls feed and so beoomo vicious; 
whereas, as Plato said in the Republic, the soul should 
grow up in wholesome places where sweet breezes may 
blow upon it and accustom it to communion with the true, 
the beautiful and the good. For these blemishes iu the 
environment of a man's soul Plato lays the greater share 
of the blame upon teachers and parents, though, of course, 
in considering their errors, the same extenuating circum¬ 
stances may be urged as were urged in the case of their 
pupils and children. The remedies of these evils are good 
upbringing and education based on a curriculum con- 
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staining the right kind of pursuits and studies which Plato 
describes elsewhere. From this passage it may be 
gathered that the causes of man’s wrongdoing are twofold: 
(i) an unhealthy and abnormal bodily condition, and (ii) 
bad teaching and influences. It is tempting, though 
perhaps misleading, to use modern phraseology and to 
sum up these causes as heredity and environment. 

There is a passage in the Laws 1 which is equally 
distinct. “ As regards the deeds of those who commit 
injustice, but whose deeds are curable, we must first 
realise that no unjust man is voluntarily unjust. For no 
man would voluntarily possess the greatest of evils, least 
of all in the most precious parts of himself: and the soul, 
as we said, is in truth thought by all to be the moat 
precious. In that which is his most precious part, then, 
no man would voluntarily take, or live his life in possession 
of, the greatest evil.” Plato, in utteiing such sentiments 
in his latest work*, showed how well he had learned the 
teaching of his master Socrates, and how much of that 
teaching he had adopted at the end, as at the outset, of 
his philosophic development. His rare humanity with 
its sense of the dangers which beset man’s soul, and the 
many set-backs to which it is liable in the struggle for 
goodness, led him like Socrates to look witli understanding 
and sympathy upon the hinner. Ilia belief in the intrinsic 
value of the beautiful, the true and the good and in the com¬ 
pelling attraction which, when seen, they exercise over the 
poul, brought him to the conclusion that on the whole man, if 
he could be made to ki*ow w T hat is truly good, would choose it 
in preference to evil, however enticing. Equipped with a 
complete knowledge of the good and a healthy body, a man 
would exhibit unfailing goodness in his conduct. There is 
some development of the Socratic position. For Socrates the 
virtues, justice, temperance, holiness, courage, wisdom, 
were each and all a science, a branch of knowledge, Jrumfjbuy. 
Plato seems to have made a distinction. Virtue or 
goodness was the outcome of knowledge. Knowledge was 


1 Plato, Laws, 73 ID. 
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the necessary condition without which virtue or goodness 
could not be. From such a doctrine, as has already been 
hinted, there follows naturally a humane theory of punish* 
ment. The sinner ib in need of healing, training, education. 
The punishment meted out to him must not be such as to 
leave his ignorance unenlightened and his disease uncured. 
He who punishes aright should not be swayed by outbursts 
of passion and revengeful feelings. Such methods are evil 
in themselves and in their effects.^ The lawgiver and the 
judge must have the spirit of pity dwelling in their hearts, 
and niUBt show compassion to the ignorant and weak. But 
if the sinner be incurable (and Plato certainly believed 
that the wickedness of some men is too great to be cured) 
then the judge is allowed to be severe. Indignation and 
anger are ihe criminal’s deserts, 1 and the right and proper 
display of these emotions urgues the possession of a noble 
nature and a good judgment. For if no tiaining however 
patient and persevering, and no punishment however wise, 
can cast out the evil in a man’s soul, death is the only 
fitting penalty. 2 The sinner’s life is in reality a thing 
that is finished, for life to Plato meant growth in the light 
of knowledge, and the thing that is wholly evil abides in 
the darkness of ignorance and stagnation. Such a man 
should for his own sake and for the sake of his fellow 
men be helped out of an existence in which there is no 
hope of his profiting either himself or others. Some of the 
most hardened sinners cannot be corrected even by the 
penalties inflicted after death, according to the account in 
the Republic , but are finally cast into Tartarus from which* 
there is no return.* 

There is an interesting passage in the Sophist 1 which 
should be compared with the account of the failings and 
frailties of the soul given in the Ttmaeus. In this dialogue 
the speakers are engaged in the search for the sophist, 
and in the course of the hunt the talk comes round to the 
subject of purification. The Eleatic stranger, the chief 
speaker in the dialogue, analyses purification and finds 


1 La w«, 781D, 

- BepubUe, 616K. 
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that it la of two kinds purification of the body and 
purification of the soul Now to punfy the soul meant 
to purge tho soul of its evil, and theio are two soils of 
evil in the soul One of these is called to vqpta, wickedness, 
which the stranger compares with mrot, disease m the 
body, and (mum, strife or discord, and the other sort 
of evil is ayvoia, ignorance, comparable with alerx<*» 
ugliness m the body—an example of d^crpia, lack of 
proportion 1 Theaetfctus, who is talking with the 

stranger agrees with this classification 4t I must entirely 
concede what I doubted when you spoke of it just now, 
that theie aie two kinds of evil in the soul, and that we 
ought to think that cowaidict, lack of self-toiltiol, and 
injustice aio all a disease m us, and that we should define 
ignorance, vanous and manifold as it is, as ugliness ” 2 
These forms of evil are cured respectively by ^ Kcknaruai 
T*xyy and ^ tcx^, the art of correction and 

the art of instiuction the art of correction being 
compared with the ait of medicine and the art of instruc¬ 
tion with the art of gymnastic The analogy between the 
soul and tho body is tlieiefoie used consistently through¬ 
out this part of tho discourse Plato stresses the analogy 
between the detects of the soul and the defects of the body, 
and this analogy is still fuither developed when he goes on 
to consider the remedies employed in the tieatment of 
theso respective sorts of defect Now ignorance and the 
instruction which can enlighten it are again subjected by 
the strangei to tlu piocess of division One bianch is veiy 
large in comparison with the lest—Plato calls it difficult 3 
This soi t of ignorance is uuw an anted eonmt of knowledge, 
and its name fyatfw, dulness, stupidity, senselessness 
is that which is given in the Itmaeus to one of the 
forms of evil in the soul The remedy for this is vaiScio, 
education, not the sort of rebuke and admonition bo often 
used sometimes in an angry, sometimes in a gentler form 
at remonstrance, but the painstaking persuasive method 

tor the view that vuo ib disease and ugliness, see Beputytc, 4MB 
* Sophut, 3300 4 bophut, 33SE 
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of dialectic which by right reasoning shows a man where 
he is ignorant and biassed. So it turns his conceit of 
knowledge into modesty and predisposes him towards the 
reform of his unhappy state. 

At first sight the analysis of evil in the soul which Plato 
makes in the Sophist does not seem to fit the account given 
in the Timaeus . One part of £yvota, ignorance, a very 

large and important part, is in the Sophist declared to be 
’cytofta, stupidity, which, as we saw, is the word used 
m the Timaeus to name one form of badness in the soul. 
That great subdivision of vice in the fioul uhich is called 
in the Sophist to vtfpia, wickedness, does not fall into 
the scheme of the Tvmaeus so easily. It manifests itself 
in various ways: injustice, cowardice, licentiousness and 
insolence are formB of it. In some respect9 this class 
corresponds to the class called ,/uma, madness in the 
Timaeus, where indeed the distinction between the two kinds 
of evil is not always kept veiy clear. Madness, according 
to the statement in the Timaeus , is directly brought about 
by abnormal and defective bodily conditions which make 
men indiscriminate and over-eager in their choice of 
pleasures and avoidance of pains. The man who is too 
sensitive in regard to pleasure and pain, and who pursues 
the one and avoids the other unduly, is mad. “ He is able 
neither to see nor to hear aught rightly: he raves, and at 
that time is quite incapable of partaking of reasoning.” 
But excessive indulgence in pleasure is intemperance, and 
an inordinate fear of pain is cowardice. Insolence, 
is a form of intemperance. All three, as Plato himself 
says in the Republic, are manifestations of injustice. That 
wickedness, then, which is described in the Sophist as 
revealing itself in intemperance, cowardice, insolence, and 
injustice, is very similar to the madness of which we heat 
in the Timaeus. The approximation of the two classes is 
further emphasised by the fact that wickedness in the 
Sophist is looked upon as being a sort of disease in the soul 
while the madness of the Timaeus is also considered to be 
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one o! the soul’s diseases, the cause of which Plato finds to 
reside in a groat measure in an unhealthy bodily condition. 
Thus it will be seen that the forms of evil in the soul 
mentioned in the Timu€u$ are to he found in the analysis 
which is worked out in the Sophist. It m not essential that 
the two classifications should tally exactly in every detail— 
the really important point to observe is the unity of idea 
and purpose which underlies these accounts. 

In the passage taken liom the Tnmteus there is an 
intriguing development. Plato attaches a remarkable 
importance to the l>ody as a cause of error and wrong¬ 
doing. An ill-conditioned body makes a man tmd-tompered, 
causes him to react wrongly to pleasuies and pain*, and 
blunts tho*e delicate spiiitiml and intellectual faculties the 
perfect exercise of which can alone ensure goodness. Plato 
had never before stated this theory w ith such impressiveness 
and conviction, though the idea was not altogether new. 
He speaks in the Phaedo 1 of the tiresome necessity of 
nourishing the hotly und of the waste which illness causes 
of time that might have been spent in seeking after truth, 
The Pythagoreans icgarded llie body as a tomb, tr&pa . . . . 
<rytia: that was one of the dogmas of their religion, an 
expression of their mystic faith. Socrates, too, apparently 
allotted to the body a large slime of the blame for moral 
and intellectual failings. Xeuophon 3 tells us that he 
oonsideied ill-health to be a source of errors in reasoning, 
while it also made a man mol&ncholy and mad. This 
doctrine is further evolved in the Tnnaetn and its bearing 
npon human responsibility is clearly stated. The relation 
of this theory to Plato’s metaphysic can be inferred from 
this dialogue and should not be entirely passed over, though 
any examination of the many problems involved is beyond 
the scope of tho argument. It would seem, however, from 
the exposition in the Tinmens that the individual does and 
can only exist on conditions which involve the imperfec¬ 
tions of his existence. For the universal soul, which creates 

1 Phario, 66B. 1 Xsn. Mem., iii, IS, vi. 
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the world, creates it by evolving itself into a plurality of 
souls and by so evolving itself submit* inevitably to the 
limitations of time and space. But limitation means 
imperfection and departure from type—hence arises evil. 
The soul of the individual living creature is affected by the 
imperfect body, and becomes diseased by its implication 
in the body’s limitations. 1 We have already seen what 
those special diseases are to which the soul is subject. 

It has been shown that Plato, in the later part of his 
life perhaps more than in the earlier, considered that 
bodily infirmities and bad environment were accountable 
for the misdeeds and evil habits of men, and it now remains 
to discover whether he admitted human responsibility for 
sin to any extent or whether he was a thorough-going 
detenninist. Theie is that very cloar statement in the 
Timaeus, ko#c6* ply yap fcuiv ov&tU, no one is willingly 
wicked, supported by the prouncement in the Laws 
to S*«Bt mo* ofy 5SiKos, no unjust man is voluntarily 
unjust. And in the Sophist when speaking of the distinc¬ 
tion between wickedness and ignorance, he says “ There is 
too that other evil which they call ignorance but which they 
are unwilling to admit to be vice, though that is the only 
* vice * that comes into existence in the soul.” a When 
we remember that a little while before the stranger forced 
Theaetetus to confess that no soul is voluntarily ignorant, 
we may arrive here at the conclusion which is so emphati¬ 
cally stated in the Timaeus and the Laws, that no one is 
voluntarily vicious. It is possible, however, to translate 
as Jewett does “ And there is that other (evil) which they 
call ignorance, and which, because existing only in the 
soul, they will not allow to be a vice.” But apart from 
this, Plato clearly identifies himself in the Sophist with 
that class of instructor of whom the Stranger speaks a little 
further on when he says that some people seem to have 
concluded, after due thought, that all dulness is involun- 

1 For this view see Aroher Bud's introduction to his edition of 
the Timasus. 1 Sophist, 3»D, 
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tary. 1 Plafo does not my hoi 4 © “ that all evd in the soul 
is involuntajy, M but chooses to predicate involuntariness 
of only one of the souPs evils because no wider statement 
is needed for the particular problem with which he is 
dealing. He is hacking the Sophist down, by the method 
of division, through that pait of ignoianee which ia called 
stupidity, dulness, absuid self-conceit: this is said to bo 
involuntary, and for the purposes of the discussion it is 
not necessary to call the other forms of evil involuntary, 
though they may be, and, on Plato’s view, almost in¬ 
variably are involuntaij. Hence there is nothing in this 
passage of the Sophist which qualifies the statement in the 
Timuevs and the L<nc*. 

Such, then, is the doctrine to which Plato gave hift 
adheience. Theie aie, however, a few passages in the 
dialogues that might be thought to admit of an interpreta¬ 
tion not altogether consistent with the theory which I 
have outlined. Let us turn first to the story of Leontius 
and his fight w ith desire, and follow whither the argument 
leads us. Socrates tells tho talo m the He public. “ I once 
heard a story which I believe to he true that Leontius, the 
son of Agloion, was coming up from the Peiraeus and 
drawing nigh to the northern wall oui the outside he caught 
sight of some dead bodies lying there, with the executioner 
hard by. He was eager to look at them and at the same 
time be bated the idea and tried to turn his mind from it. 
For a long time he fought against it and covered his eyes, but 
atlast, overcome by the desire he pulled hiseyes open, ran up 
to the corpses, and said ‘ There now, you wretched things, 
glut yourselves with the lovely sight/ ” a Socrates had 
been examining those three principles in the soul—the 
rational principle, the spirited principle, and the concupiscent 
principle, und the story illustrates the conquest of that 
part of the soul which is spirited and indignant at 
unworthy actions by the part which desires: it also serves 
to show that these two parts are distinct. Socrates goes 
on to say that this indignation frequently fights on the side 
of reason against the desires. Now if reason tells a man 

4 Sophist, 3801. 
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what is right, and indignation, which is a sort of con¬ 
science, is fighting along with reason against a base 
desire, and if a man in spite of reason and conscience 
does what his desire prompts him to do, con he he 
said to have acted involuntarily? To this question Plato 
would probably have replied 11 Yes.” The feeling dis¬ 
played on this ociiasion is a stupid curiosity, a mixture 
of senselessness and intemperance. The action is tainted 
with madness, to use the categories of the Timaeus . At 
the moment when Leontius cast out the dictates of reason 
and decency and was carried away by the desire for an 
unworthy excitement, he was temporarily mad; “he is 
able neither lo see nor to hear aught rightly; he raves, 
and at that time is quite unable to partake of reasoning.” 
Now madness, as we saw, can be traced to an unhealthy 
state of body, possibly fostered by lack of good training. 
It was not then l^eontius’ fault, Plato would have said; 
he was relieved of the responsibility for his action. And 
since his baseness is shown to be involuntary, Plato is not 
inconsistent. 

Take again the famous passage which occurs at the 
end of the Republic in the myth of Er. 1 In this Er tells 
how the souls, after they had finished the journey of a 
thousand years which awaited them after death, came at 
last to Lachesis, on whose knees were lots and models of 
lives: and the interpreter who had marshalled the pilgrims 
announced that the time had come for them to choose a 
mode of existence and begin life on earth again. “ A 
destiny shall not choose you,” he said, “ but you shall 
choose a destiny. Let him that draws the first lot choose 
a life which shall he added to him of necessity. But virtue 
knows no master. He that honoureth her shall have more 
of her, and he that dishonoured her shall have less. The 
responsibility rests with him who chooses: God is not 
responsible.” So they drew lots, and then the various 
samples of lives were exhibited. The lots outnumbered the 
souls who were present, and there were lots of every kind 
of human and animal life. It was indeed a fateful moment 

1 Republic, 614B. 
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in the souls' existence, and Socrates pauses a moment in 
the story to mark the gravity of the choice, and to give 
a short p-xhortation on the necessity for expending every 
effort to fit the soul for that supreme crisis of its fate. The 
souls were assured that even the last comer, if wisdom 
were exercized and the noul weie not lasy in its next life, 
had the opportunity of making a good choice; while a good 
choice was not guaiantml even to the holder of the first 
lot, unless he took care. Tt is interesting to note that 
one of the souls u ho had led a blameless life in his previous 
existence made a distastrous selection, choosing the life 
of a tyrant because of its power and riches, and not Beeing 
in his greed and heedlessness that it would bring upon him 
terrible calamities. The reason of his folly was that in 
his former life his lot had been cast in a well governed 
state, and his viHue hud been only a mechanical thing, 
produced by forces from without himself not in his own 
heart. His virtue had not been based upon reasoned 
principles, and when temptation came he fell through 
ignorance. The ^souls then all made their choice, and after 
having passed through the Plain of Forgetfulness and 
having drunk of the ftivei of Unmindful ness, they rated. 
They were roused from their repose by a loud clap of 
thunder and an earthquake, and were reborn, " shooting 
up,” as Plato nays, u like stars,” to lead the lives which 
they themselves had chosen. 

The difficulty in this passage lies in the words of the 
interpreter, “ He who chooses is responsible: God is not 
responsible.” If the soul when it made its selection of its 
future life was to be held accountable for its choice, then 
we must suppose that it had a real choice, that it could 
in some sense have chosen otherwise, and that it had a 
measure of free will. But hitherto our attention has been 
concentrated rather on Plato's determinism; we have 
disregarded the element of freedom. Leaving this passage 
for a moment let us turn to a statement in the Lav>$ which 
introduces a similar problem. “ In the making of the 
whole God contrived an arrangement of the various parts 
which would beet and most easily secure the victory of the 
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good and the defeat of evil. Now he has devised the kind 
of place and abode which each particular character must 
share and inhabit in relation to the whole, llut he left 
to the wishes of each of us the formation of the particular 
character. For the quality and character of almost all of 
us nearly always depend upon the direction of our desires 
and the nature of our souls.” 1 ( T do not think that this 
passage gives us any fresh data: hut it confirms the theory 
which was stated in the Reptthhc. It is, in fact, a 
reiteration of the blamelewmess of God and the responsi¬ 
bility of man, not in the choice of r fulure life, but in the 
choice of our character in this present existence, in the 
making of which our desires and dispositions play a great 
part. 

We are now in a position to ask what Plato's attitude 
really was to the contending claims of freewill and 
determinism. Or since the modern terns freewill and 
determinism have a wider and more complex connotation 
than is suitable for our purpose, and the problem presented 
itself to Plato in a simpler form, let us put the matter 
differently, and ask " Did Plato bold men responsible for 
their actions ? Did he think that men are free to choose 
what they will do or be ? " Plato's answer to these ques¬ 
tions whether we find it satisfactory or not is all the while 
st tumbling about before our feet.” The interpreter in the 
myth of Er warns and encourages the souls who are about 
to make their choice by proclaiming to them that virtue 
has no master, dlpfri) ft uSimroaov, Proclus interprets the 
words as meaning “ virtue is not only in our power, but it 
frees us from many harsh masters, slavery to whom 
deprives us of all good things.” There is, then, for Plato 
some sense in which men are free to choose. Virtue waits 
for them to take her. Let them only regulate their desires 
aright and she is their's. But Plato is loath to blame when 
the choice goes wrong. There are many evil influences that 
constrain a man unwillingly to do wrong—a bad bodily 
condition and bad training are especially potent for ill. 


1 Lama, 0040, 
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So Plato does not solve the problem—he states it anew. 
Han is not without responsibility, for though vice is 
involuntary, virtue is free. For this reason Plato is ever 
stressing the need to seek diligently after the good. There 
is still a place for enthusiasm and endeavour, and though 
the hindrances to man’s efforta to attain to viitue are 
great, the task is not impossible. He must lay hold of 
the golden chord of reason, of the laws of God in the world, 
the city, and in his own soul, and if the work be well done, 
he may escape at last from the ills and wickedness of this 
world to dwell apart in his own particular star. 
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PERSONAL REMINISCENCJS AND IMPRFSSIONS OP 
DR JOHN THEODORE MERZ 

I —By R A Saui son F R 8 

My friendship with Dr Men dates from 1893 I had 
just joined the Staff of the Durl aim College of Scieiue as it 
was then called and he lost no time in making a newcomer 
feel at home I recall a charaiteimtu touch m his first 
note—a sketch map to pilot the stranger without waste of 
time to The Quaines where 1 afterwards spent so many 
an hour under his friendly and hospitable i wf For he 
loved to talk his ideas into shape Not indeed that they 
ever appealed to pass through an inchoate stige Rather 
it seemed that when he had mastered his authorities and 
ranged his facts in significant historical order to his own 
satisfaction within his own mind he would unfold the 
leeult His first great book was at that time on the stocks 
It had been on the stocks for many years lot how many 
yeais before that he had planned to wiite a Htst ry of 
European Thought tn the Nineteenth Century I do not know 
Viewing its ambitious scope not a few who knew the 
multifarious calls upon his time and the meticulous care 
with which he discharged every duty doubted if it could 
ever reach the printer s hands They underrated his power 
of detachment his strength of purpose and above all his 
intei e«t in it This interest was not so much a master* 
passion as a steady compelling force To Men who was 
interested also m practical affairs and very successful in 
that sphere and highly appreciated by those who are the 
only competent judges erudition was a thing worth while 
It was the thing worth while This is so unusual a view 
that it stands out for me as a strikingly foreign trait a 
heritage of his German parentage ' The JSnglish publie 
school teacher has a contempt for learning ” he said to me 

11 
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on one occasion. Now he never aimed at epigram, or 
paied a phrase from its simple truth in order to give it 
force. ITe valued rightly, and highly too, the education 
which our public schools supply But there was the sorry 
fact. He, having nuiuy culls upon his time, used to 
u lengthen his do t vs, M noi by “ stealing a few hours from 
the night,” but by rising every morn mg at five, in order 
to devote the first and l>est poition of each day to the 
important business of reading books. 

Mora’s love of books showed itself in an unusual, 
individual way. It is related o«f Darwin that he had no 
respect for u book, as such. He would tear one in two, 
if in that form its contents were handier. Most of ns, 
without going so far, keep our books in their original 
working jackets, or if a series, or foreign custom, compel 
us to bind, the book’s appearance is rather less interesting 
after the ceremony than before. I well remember tbe 
astonishment with which I found upon Merz’s shelves, 
clothed in faultless leather, mathematical textbooks that I 
had known in every stage of honourable and dishonourable 
decay. A copy of Cantor’s Geirhichte der Matkematih which 
he gave me when breaking up his mathematical collection, 
is one of the most perfect pieces of binding, by Z&ehn&dorf, 
that I have ever seen. In these shapes his books 
proliferated from his study info every bedroom and alcove 
of the house—biographies, systems, histories, series of 
collected works. Tidiness and good workmanship were & 
pleasure to him, and he paid that tribute by binding the 
books in which the deepest part of his interests found 
sustenance. He said he was a slow reader, but I believe 
every one of his books bad been reed. Marginal pencil 
marks told tbe story, and as fai as I could trace, their 
contents were always at his command, in memory, at once 
and without effort. The viaitor to his study will recall 
the words: — 

“ Nulli optabilis dabitur mora; 

Irrevocabilts labitur hora. 

Ne sit inutilis semper labora, 

Neve sis futilis, vigila, ora.” 
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or roughly Englished: — 

The hour is here—is gone; 

Suns pause the stream flows on. 

Woik, thui to-day bring gain, 

Watch, pruy, lest work bo vain. 

These words which met one, carved on the overmantel, 
had more than a casual significance. His life was directed 
with vigilunt industry to a clearly conceived goal. 1 have 
said that his innate esteem for learning was a German 
tiait. Many of his traits seem to me to bear the same 
stamp, belonging to that Germany which for the time 
being we can iwognize no moie. One of these was the 
dominance of the idea, the theoretic object, der Degnff , 
in his most considered actions With us, on action grows 
mto shape os it matured. I supine we can imagine a pure¬ 
bred Englishmen writing o History of Philosophic 
Thought, but the result would hardly have been so 
impersonal as Merz’s work. It is, perhaps, a weakness 
that makes one a*>k, what he himself thought was the 
outcome from so many lives and labours devoted to science 
and philosophy. One reads an elaborate chapter on one 
point of view of Nature, und, approaching the end, one 
wishes for some integrating comment. Vain wish. One 
turns the page, and a new chapter, from a new point of 
view, begins, related as carefully, without fatigue or bias, 
to be replaced, when concluded, without epilogue by a 
third. Because the idea was to write a history, not a 
philosophy. Is it merely a national bias that makes one 
impatient that so many opportunities of making himself 
interesting should be passed byP We distrust the value 
of system and trust thp original perception of individual 
minds, in spite of its incoherence and even of its errors. 
Grau, theurer Freund, ist alle Theorie, 

TTnd grtin des Lebens gold'ner Baum. 

Therefore some will esteem more highly the contents of 
his two later books, short but not lees careful, because of 
their personal character, the deliberate contribution of 
a participant in life, and not merely the detached survey 
of an historian. 
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Mem’s detachment, his limitation of interests, was 
unquestionably a deliberate restriction, in order that by 
singleness of purpose he might achieve a definite effect. 
In the unbounded regions in ahich his thoughts moved, 
even greater forces can become meaningless and be totally 
lost by diffusion. His mind was anything but diffusa. 
He could recall the weather of a given year and even on 
specific dates. 1 happen to remember the names of the 
“ three bad saints ”—Servatius, Bonifacius and Pancratius 
—who, he instructed me, so often blight the vineyards of 
France with frosts on their name-days in the early half 
of May. Many another such curious trifle, floating up from 
the pit of memory, bore witness to the way in which every 
fact that came by found lodgment, to be used in its proper 
place, if it had a use. 

Mers used to talk very freely about business affairs and 
business people. He did not regard business, as so many 
bom scholars do, in the light of a tiresome necessity, to 
be set aside as soon as it had served its purpose. His 
interest in it was active and unfeigned. But I allude to 
it here only so far is it made part of his private, intimate 
daily life. Another aspect of this life which for other 
reasons one does not expatiate upon, but which one cannot 
leave out without wholly misdescribing him, was its pro* 
foundly religious character. Indeed, no other type of 
mind could have written his last book. He was a very 
just man. And when in old age bis excellent constitution 
began to give way, and in particular he was progressively 
deprived of sight, he proved a very patient one. His 
interest was undimmed and his work continued. Many of 
us will always cherish the memory of his figure, wrapped 
in its shawls, by his study fire or in the garden he eo loved 
and knew in such complete detail, bringing out from the 
unclouded stores and pictures of his memory things new 
and old. 
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II.— By Emeritus-Professor P. Phillips Bedsov, 
M.A., D.Sc. 

No memorial of Dr. Meiz would be complete without 
an account of the part he took in establishing Armstrong 
College, and although I am fully conscious of my inability 
to do full justice to this special phase of Dr. Merz’s work, 
still my sincere and deep regard for his memory impels 
me to record my reminiscences of his activity, as a Member 
of Council, extending over nearly foity yeais. 

The College Council was fortunate in counting amongst 
its members so distinguished a scholar as Di. Mere, whose 
wide educational experience and bioad sympathies were 
well calculated to help forward the objects of the College. 
Moreovei, his recognised position as a writer and exponent 
of philosophy, gave an added distinction to the Council. 
When Dr. Mens was elected to the Council, the College was, 
although in its twelfth jear, still in occupation of tem¬ 
poral y premises. Shortly after his appointment, the 
question of finding more suitable quarters for the College 
became uigent, and affoided him an oppoitunity for the 
display of his practical knowledge of finance and affairs. 
In fact, his eminent gifts as organizer and man of business 
were destined to be of the greatest service to the Council. 
Dr. Merz’s immediate contribution to the solution of the 
problem of new buildings on a new site was an exhaustive 
analysis of the financial position of the College. This 
statement was no ordinary balance-sheet, perfunctorily 
explained and concluding with a deficit—in University 
finance a never-failing feature of such documents—but a 
lucid, thorough and scientific analysis of the annual 
expendituie. One distinctive feature of his analysis was 
the demonstration of the fact that the College was paying 
extravagantly for its housing in premises entirely inade¬ 
quate, and notoriously unsuitable for the purpose, and as 
for expansion under these conditions—impossible. Thus, 
the Council were heartened to proceed in real earnest 
with the project of securing a site upon which to ereet 
buildings, specially planned for the needs of the College. 
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From this time on for many years Dr. Men’s hand 
guided and directed the finances of the College. His 
counsel was in constant request, and to his opinion the 
Treasurer invariably defeired. In fact, Dr. Men became 
Chancellor of the Exchequer and, joining with Messrs. W. 
Cochrane, R. It. Hedmayne and Dr. Spence Watson, 
spared neither time nor energy in piomoting the advance¬ 
ment of the College. To these four men, in a special 
degree, do Newcastle and distiict owe a debt of gratitude 
foi the giowth and success of the College. 

When the site had been secuied and building opeiations 
begun, unremitting was the attention which the affairs of 
the College received from Dt. Mere, by whose instru¬ 
mentality a loan was secured, making the extension of 
the buildings possible. During the first yeais in the new 
premises, when lack of funds thieatened the veiy existence 
of the College, Dr. Mei* by personal effort secured 
subsci iptions to a sustentation fund, which helped u to 
carry on, M until the Government with Treasury giants 
came to the assistance of the University Colleges in 
England. 

Looking back to those days, when not only was money 
scarce, as it always has been, hut when the work and the 
mission of the College were so little appreciated, one 
realises now how the firm belief in its future by such men 
os l)r. Mers served to give courage and confidence to the 
membeis of the Staff, and stimulate them in their 
endeavours to extend the influence of the College in every 
possible way. 

To recount in full the activity of Dr. Meiz as a College 
Councillor would be to recite the history of innumerable 
committees upon which he seived. No committee charged 
with recommendations for the appointment of a member 
of the Staff was deemed complete without him, and to al} 
this work he willingly gave of his best. 

To one whose sympathies woie those of the scholar and 
student, education in Science, pure and applied, alone did 
4 not constitute a sufficient justification for the existence of 
a college in Newcastle. Dr. Men showed his practical 
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sympathy in every endeavour to widen and broaden the 
ourriculum, and thus provide a centre for the higher 
general education of all properly qualified to benefit 
from it. 

In the College Libiaiy Dr. Mere took a special interest 
and to it he presented the important collection of scientific 
and philosophical workB which Berved him for reference 
and Btudy in the preparation of his great work, The History 
of European Thought m the Nineteenth Century . Upon 
the possession of the Mere Libraiy the College Authorities 
are to be congratulated, and upon them now devolves the 
care and solicitude which Dr. Mere was wont to bestow 
upon his books. 

These leminiscences would not be complete without 
leference to the fact that for the greater portion of his 
life Dr. Merz was engaged in Chemical Industry. To 
many he was known chiefly as a chemical manufacturer. 
At one time he was engaged in the Tharsis Sulphur and 
Copper Works, both in Glasgow and on Tyneside; and he 
also attempted to establish a factoiy foi the pioduction 
of Coal Tar Colouis at Hebbuin-on-Tyne. He had studied 
Chemietiy at the University of Gottingen, where he had 
been a pupil of Wohler, Professor of Chemistry in that 
University, who is famed as the discoverer of the artificial 
production of Urea. This, the first instance of the 
preparation in the laboratory of an animal product, laid 
the foundation of Synthetic Organic Chemistry. Wohler 
himself had been a pupil of Beixelius, and for many years 
collaborated with Iiebig in work of fundamental impor¬ 
tance to Chemistry. Thus l)i. Mens afforded a direct link 
with the great foundeis of Chemical Science. For the 
student of Chemistry, the first volume of the Hutory of 
European Thought tn the Nineteenth Century contains a 
masteily account of the development of chemical theories. 

Although Dt. Mera did not appear to participate much 
in the publir affairs of his adopted city, still, by his quiet 
unostentatious work he not only helped to build up 
Armstrong College to be a centre of light for future 
generations, but to his inspiration Newcastle and the 
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Burroundmg Distiict are indebted for the establishment 
of an Electric Supply, lecogmsed throughout this Country 
as the pioneer and tvpe of all such enterprises 

This tribute to the memory of Dr Mers would be 
incomplete without a reference to that sympathetic 
friendliness and inteiest, whi'h characterised his attitude 
towards the members of the College Staff, many of whom, 
like myself, will ever gratefully cherish the memory of 
the fneiidslup we had the gieat privilege to enjoy 
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III.—By Professor Douglas A. Gilcheist, M.Sc. 

I came in contact with Dr. Mezz at the end of 1902. 
Informed that he *as one of the “ Big Four ” in the 
Durham College of Science (now Armstrong College), I 
soon realized how valuable the all-round attainments of 
Dr. Merz had proved in it* eaxly years, possessing as he 
did that rare combination of business aptitude, power of 
organization, and keenness for the development of complete 
Higher Education in the Humanities, in the Sciences, and 
in the various branches of Industiial Activity. He believed 
that the “ together view ” was the bed rock of higher 
education, and realized that the specialist, whether in 
Greek or in Agriculture, must not only have a broad 
training and outlook, but that his geneial culture must be 
developed along with his special knowledge. 

The impression given by those paits of Dr. Merz’s 
works which I have read is that he had little sympathy for 
philosophers who did not possess a wide lange of know¬ 
ledge, e*g. t he pointed out that Bacon did not xecognize 
the importance of mathematics. He evidently placed much 
value on the close connection between philosophy and 
general literature in this country—a feature not neaily so 
prominent in France and Germany—and, as a consequence 
of this, he held that philosophy had a close alliance with 
the piactical pioblems, as well as the literaiy tastes, of 
Britain. My feeling is that Dr. Merz's life and work 
should do much to stimulate the fuller appreciation of this 
relationship by out students of philosophy. Even as it is, it 
seems to me that the influence which British literature 
has had on Biitish philosophy has done much to make the 
thought of our philosophers more democratic in character 
than that of France and Germany, and that philosophy 
in Britain has been distinguished by a healthy common- 
sense, because it has not been confined to a few specialists 
discussing highly abstract problems in highly technical 
language. When Dr. Merz suggested that the dictum, 
“ I think, therefore I am.” would be truer if rendered, 



“ thinking is being,” I suggest that possibly thoughts 
like the foregoing may have been in his mind. At any 
rate, this rendering of his was in keeping with his complete 
unselfishness, due undoubtedly to his aspirations to truth 
and love. 

“ If self the wavering balance shake 
It’s rarely right-adjusted.” 

and— 

“ 01 wad some po’er the gif tie gie us 
To see o’orsels as ithers see us! ” 

It is in the spirit of these quotations that Dr. Men seems 
to me to have reasoned in arriving at the conclusions 
expressed in his Fragment on the Human Mind, in which 
intense philosophical thought is put in a form which 
enables even a lay-reader to follow the author a consider¬ 
able way in his penetrating arguments. 

Some years ago he commented to me on the truth and 
beauty of Blackmore’s translation of the Georgia. Our 
examination of it showed how much Blackmore has done 
to assist the reader to separate Virgil’s record of the folk¬ 
lore and of the actual facts of his time. 

A talk with Dr. Mer* on Goethe, or Burns, or any 
great British, French, or German poet, was a rare treat, 
as he could so aptly give quotations to illustrate their 
different phases of thought and to show how their loves, 
their ambitions, and their sorrows had influenced their 
work. How he would tell of the influence of The Viear of 
Wakefield on young Goethe and what a stir the appearance 
of Macpherson’s Oseian created throughout Europe 1 When 
the talk was in his library and an author was mentioned, 
how readily he could refer to his work and the best infor¬ 
mation about him! His library was that of a man who 
had his favourite authors at his elbow, in print and 
bindings worthy of them, and surrounded by other books 
so chosen as to constitute an unique reference to British, 
French and German literature. His gift of his scientific 
and philosophical books to Armstrong College was a great 
acquisition to tho College Library. 
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In his Fragment, the chapter “ Of Truth ,f gives a raTe 
insight into the man himself. He tells us there that Truth 
leads us to the Beautiful, the Good and the Holy. His 
belief was that the full Truth we should strive after 
comprises Beauty in Life and Love, in Music, Poetry and 
Art, and in Industry, and that our humbly striving after 
ultimate tiuth will develop beauty, love and holiness in 
our lives. 

It was my great privilege to be his near neighbour and 
in close touch with him during the last two years of his 
life. I was greatly impressed with his power in conversa¬ 
tion of imparting conect and concise knowledge of its 
subject, and how he would frequently diveit it so that 
enlightenment on anothei subject might be obtained from 
someone piesent who had special knowledge oi it. 

How he loved his home and garden ! Every plant in 
the latter recalled rich associations to him. In no way 
was his comprehensive outlook better illustiated than by 
the unique knowledge he had of the science and the art 
of the gaiden, which were, after all, two of the portals to 
his keen enjoyment of it. In his garden 

“.he outwent 

A royal fortune in his heait’s content.” 

His decision, when young, to widen his honson from the 
philosophy of the Schools to the philosophy of the World 
has borne rich fruit in many directions, as in the 
encouragement he gave to the academic and business 
circles of Newcastle to draw more closely together. This 
was a piactical application of his “ synoptic/' or 
“ together/’ view. The ideal of synopsis probably giveB 
the best indication of his method of work and study. One 
of his favourite illustrations of this view was that a child's 
conception of an egg already contains implicitly all the 
aspects which the sciences afterwards isolate and abstract* 
The egg may be analysed by a chemist into its chemical 
constituents, and studied by a biologist in respect of its 
structure and development into a living animal, but if they 
lose their primary conception of it in its wholeness, their 
ultimate conception will be impoverished by abstraction 
and confused by the details of their analytical work. 
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My belief is that, to those who knew him f the character 
of the man is revealed to much the greatest extent in 
Religion and Science. In this book he faces the problem 
of the means leading to a scientific conviction. 11 It is 
frequently the flash of the moment which throws light 
upon the whole region of painfully acquired information 
and gives it life, a stimulating and impelling force. 
Hundreds of well-informed persons lack the finishing 
touch which gives life to their knowledge, and much 
so-called education seems quite incapable of imparting it.” 
This flash of synoptic insight not only yields our convic¬ 
tions in Science and, by a different process, in Religion, 
but it should also be what all teaching and research work 
should aim at producing. 

The foregoing quotation summarises the ideas given to 
me by many talks with Dr. Mens as to how research and 
educational work should be conducted. In Agriculture, 
for instance, results of such work should not be announced 
to the farmer till they have been thoroughly tested under 
conditions of farm practice and shown to be more econo¬ 
mical than his own probably sound methods. All teaching 
should be suggestive rather than dogmatic and should 
encourage the farmer, the student, and the research worker 
to look for development, so that a living interest as well as 
continuity of progress is secured. 

I know what a keen interest Dr. Mere took in the 
Agricultural Department of Armstrong College when Dr. 
Somerville, who ho well laid 4ts foundations, was establish¬ 
ing a degree course and shorter courses in Agriculture, 
conducting field- and other experiments throughout the 
four Northern Counties, and starting so efficiently the 
Northumberland Agricultural Experiments Station at 
Cookie Park, the results from which are now known 
throughout the world. 

Dr. Men, as Chairman of the Board of Directors of 
the Blaydon Manure Company, always welcomed visits of 
the College Students and Staff to the Works of his 
Company, and arranged demonstrations of a most valuable 
character, every possible information being given as to 
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the manufacture of the manures. He took the keenest 
interest in the research and the teaching! work of the 
Department and was ready with suggestions. He fre¬ 
quently dtew my attention to lecent woik in Europe and 
America, and some books he obtained fiom a fiiend in the 
United States have been of gieat service in trials we are 
making of ground mineral phosphates, which promise most 
valuable results. Shortly before his death, he was trying 
to ascertain to what extent agricultural education and 
research had been productive of results, and how these 
could become more effective. We both recognised the 
great advances that had been made in the breeding and 
feeding of live stock, and what the plant breeder and the 
research worker in manuies and soil cultivation had done 
for crops, but were not so able to decide to what extent 
modem social conditions had checked this greater produc¬ 
tion. If the farmer and farm labourer had continued 
working long hours and living as frugally as in the past, 
the modem equipment would have greatly increased the 
agiicultuial output, but, as in other industries, the 
facilities foi increased output have been largely utilised 
to provide more comfortable living and easier and better 
conditions of labour. 

Some years ago he accompanied me round Cookie Park 
with a paity of faimers. He was most appreciative of the 
experiments, the obvious lesults of which pointed to 
improvements in farm practice, and increased economic 
output of crops and meat, and was especially pleased when 
he found the faimers keenly interested and expreeeing 
determination to put the results into practice at home. 
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IV.—By Professor Alexander Meek, D.So. 

Di. Mem was known to oil of*us as a man sincerely 
interested in the two Colleges at Newcastle and in our 
University, and us a keen and active member of their 
Councils and of the Senate. When I first met him, now 
over 26 years ago, 1 was studying* several features of the 
giowth ot organs in relation to the growth of the animal, 
and it was a gieat pleasure to me to find in him a philo¬ 
sopher impressed with the Darwinian doctrine of the 
survival of the fittest and eager to discuss evidences of the 
competition of parts within the organism: above all, in 
possession of the literature dealing with the work of Boux, 
Mehnert, and others, on Entwickelungs-and Bio-mechanik. 

He was then busy with the History of European 
Thought, the stupendous and encyclopedic task of critically 
analysing the progress of science and philosophy 
19th oentury. In his masterly survey we can trace the 
independent and yet interdependent growth of Science in 
its various branches. Each was emerging at the beginning 
of the period from a condition of relative chaos. During 
the century discoveries were made on all sides, and 
genei alisations of gieat importance arrived at, but, 
amongst the many achietements, one stands out as pro¬ 
ducing in England, and, latei, on the continent, a change 
in outlook which affected all phases of thought, via., fhe 
discovery of the fact of evolution. The acceptance of this 
fact—and the acceptance took place rapidly—added the 
dimension of time to the conception of space, introduced 
an appeal to history and change in solving problems 
relating to the universe and life, and it offered a rallying 
ground for harmonising the Jesuits already achieved in the 
realm of science, and even in that of philosophical thought. 

The work of the geologist had reached a stage which 
permitted Lyeil and others to teach that the earth has had 
an origin and a continuous history. The biologist was 

C dy to receive the doctrine of the evolution of life, with 
i imnliration that life on the earth had a beginning, and 
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Darwin, after originating the new view, owed much to 
hu friend Huxley, and also to Wallace who had arrived 
independently at the tame theory, for its spread. The 
light thus shed on the facta of palmontology, brought into 
line with those relating to the genealogies of plants and 
animals, made clear the nntuie of the pioblema of 
moiphology, physiology and embryology. It even bent its 
beams on psychology, for it became evident that the progress 
of life from stage to stage was not merely & morphological 
and physiological gain, but was accompanied by a corres¬ 
ponding gain of mental power. The student of life has 
now the knowledge that practically all phases of life exist 
at the present (lay, that the conspdcnous evolutionary 
changes only occurred once and were never'repeated, that 
all start at the beginning and encompass, each of them, a 
morphological, physiological and psychological history to 
the stage they occupy. He is conscious also of the long 
history of life and recognises that oil all planes of life 
progress has been made in brains as well as in structure 
and function, except where living forms have yielded to the 
allurements of undue protection. 

The culminating result of the evolution of animal life 
is man, and those teared m the mateiialistic schools have, 
at all events to begin with, to view man as part of the 
whole. In one respect man is as old as life on earth. In 
the other, us man, his reign is a short one compared with 
that of the life from which he emerged. During the eras 
of millions of years prior to man, theie was no science, 
no philosophy, no religion. These have, like man, an 
origin and an evolution. 

This may be said to have been the condition of 
scientific thought in Britain and America before the end 
of the 19th century, and the doctrine of evolution may 
now be said to be generally accepted wherever scientific 
work is prosecuted and taught. 

Such a presentation of the origin and history of man, 
man viewed in relation to the background of the history 
of life, has penetrated slowly into philosophical thought. 
Much good work was done towards the end of the last 
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century—for example, by Lloyd Morgan; but it is since 
the beginning of the 20th renting that animal life has 
been studied with the express view of gaining more definite 
information concerning the mental processes of animals. 
Dr. Mens, after he completed his History, was keenly 
interested in the work ot the “ behaviourists ” and in all 
observations on the habits of animals which tended to 
illustrate their mental capabilities. As recently 8B 1921 
be requested me to tell him. more particularly the detail* 
of an observation 1 had made and published in 1901 
(lleport of the Cullercoats Laboratory for that year, p. 59). 
I am constiamed to recount the incident here, for it 
illustrates, with many another, that even lowly animals 
may evince mental qualities* of a noteworthy kind. 

The creature in question was a small amphipod 
crustacean with the name Siphovoecetrs colletti . Its brain 
is quite micioscopic. It lives in sand just beyond tide 
marks, and constructs of sand grains a tube opea„at the 
ends, and just of the light size to afford complete protection. 
I took one specimen out of his tube, placed him in a Petri 
dish filled with sand and containing another specimen in 
his tube, and watched the newcomer’s movements under the 
microscope. After some exploration he came across the 
tube and, finding it occupied, determined to evict the tenant 
and gam it himself This is how he accomplished his 
object. He first made a display with his antennie at the 
front entrance, next at the back entrance, evidently with 
a view, not so much at intimidation, as to convey to the 
occupant that he wae merely making sure the tube was 
already occupied. He actually repeated the process several 
times in rapid succession after which he lay quietly along¬ 
side the tube. The occupant also remained quiet for a 
while, then began to make exploratory protrusion* with his 
antennee; at first to a very short distance, then gaining 
confidence the antennee were produced to a greater distance. 
The raider meantime never gave the least sign of move* 
meat, waiting patiently and watching the movements of 
the tenant until the moment came for action. He knew 
m well as I did that he could not gain entrance until the 
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occupant concluded that it was safe to emerge far enough 
to allow the eyes, that is to say, the head, to clear the 
tube. Something at the right time conveyed to the raider 
that the occupant in the process of emerging was going to 
do this. Thus, as the occupant was emerging, he gently 
retieated, and just a* the other’n eyes weie clearing the 
front end of the tube, the raider plunged suddenly and 
accurately into the hinder end of the tube and thrust out 
the occupant in front of him. The latter turned round to 
look at the tube and then began to survey the area, soon 
settling down to the task o! making a new tube, in itself a 
most inteiesting proceeding. Such an incident cannot be 
explained by reference to tactic 1 espouses The late 
occupant did not make the least attempt to gain an entrance 
after the eviction. Moieover the proceeding does not 
always succeed. I next placed two example* in a small 
dish with only one tube. One of them almost immediately 
entered into habitation. The other tried his best to evict 
him, but used clumsy, forceful methods, in his efforts 
dismantling pait of the tube, and he failed in his object. 

The results obtained by experimental psychology, token 
together with such observations as that illustrated above, 
give Tea*.on to believe that mind has its history and 
evolution. When the conclusions which behaviourists 
iearh on the basis of their laboratory experiments are 
lelerred for confirmation to the actual distribution of 
creatures in their given envii oilment, it is seen that 
behaviouristic principles cannot adequately explain that 
distribution, and that the factor of volition is thioughout 
at work. 

A fanner and his dog looking at a passing train are 
equally aware of the fact. So are all the birds and beasts 
in the field near the railway. The wave communicated 
through the rails to the soil is conveyed through the earth 
to the subterranean mole and to the rabbit in its burrow. 
It is communicated to the multitudes of earthworms under* 
foot, and is dispersed in the plants, even reaching the 
latest formed branches of the trees, and in the rattle of the 
window back there in the house (which conveys to master 
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and dog 1 alike, when in the house, the (act of the train). 
The wave is conveyed to the pond, and every living) creature 
in it is aware of it, and some probably recognize its 
periodicity. The pussing of the train affords us every 
phase of effect, from the moving of the partirlos of the 
soil, and the reflex of Vortiiellu, to the mental processes 
in the dog and in man; from the reception of the wave by 
inanimate objects to the manifestation of the reception 
^.indicated by many of the animate recipients. 

This is how the problem unfolds itself to the zoo'logist, 
the neurologist and the physiologist. While these admit 
that philosophy is the greatest of all sciences, as 
seeking to unify the truths proclaimed by each, and even 
to discover ultimate truths, they feel that progress now 
does not lie in introspection and debating the claims of 
schools of thought, hut in beginning, anew and humbly, 
an enquiry into psychological manifestations in life 
generally, with the tentative view at least that the human 
brain is the product of evolution. 

I know from my conversations with Dr. Mere that he 
Was sympathetic with this view. Tie fully realised that it 
was impossible to make progress in biology with purely 
mMhanistic or even vitalistic concepts, and he insisted on 
the application of the genetic point of view to mind. He 
saw that neither purely physiological methods nor meta¬ 
physical ones lend anywhere in biology. The conviction 
which some of us hold, flint on many planes of life con¬ 
sciousness may be said to have emerged in varying forms 
and degrees, and that its presence may be demonstrated 
where the conditions call for its manifestation—this 
conviction is wholly in harmony with his views. 





Dr. Merz about 1900 (at. 60.) 
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THE PHILOSOPHICAL WORK OF DR. JOTIN 
THEODORE MEKZ. 

By Profetthor R. F. Ai>vhkd Hominlk, M.A., B.Sc. 

Mr. Bertrand Russell! in one of liis epigrammatic 
moods, has recently observed that “ philosophers, though 
they are all agreed that philosophy is important, are agreed 
about very little else ” One might spin out this remark 
by adding that philosophers, even though they uie agreed 
upon the import a nee of philosophy, geneiully disagree 
(onrermng the reasons whv it is important. Naj, it is 
even possible to find philosophers— Mr. Russell himself 
is an example—who disagree with themselves on this point, 
praising philosophy at different times on diffeient, and 
sojnetimes mutually incompatible, giounds. 

However this may he, there is no doubt that Di. Mere 
thought philosophy supiemely important and that, 
throughout his life, he nevei wavered in h’« reasons for 
thinking so. Moreover, he is as clear about the great task 
which, in his view, belongs to philosophy, and to philo¬ 
sophy alone, as he is clear about wliat he considers the 
liest lines along which philosophy mnv hope to fulfil thut 
task. -A review of his philosophical life-work, such as is 
here to he attempted, will, thoretoie, appropnately deal 
with two topics. (1) The first is the reconciliation of science 
and religion, the discord of which tinea tens to destroy the 
unity of our spiritual life. To effect this reconciliation 
is, for l)i. Mens, the distinctive function of philosophy. 
To the fulfilment of this task he bent his own best energies, 
and our first duty, therefore, is to review his contributions 
to the discussion of this centra] issue. (2) And, secondly, 
we must consider the “ synoptic " method by which Dr. 
Mers seeks to harmonise the world-views of religion and 
of science, and which he also applies, incidentally, to the 
solution of a number of technical problems, such as the 
different senses of “ reality 99 ; the distinctions between the 
“ inner 99 and the “ outer 99 world, and between “ sub¬ 
ject ” and “object"; the nature of “primordial 
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experience 99 ; the relation of body and mind; etc. Dr. 
Men’s discussion of these will furnish our second topic. 

Throughout, our review will make no pretence of being 
exhaustive. Its aim is solely to focus attention upon the 
points which were most ccntial in Dr. Mens’* thought and 
also most distinctive aud, in part, original. Of the (at 
least relative) novelty and originality of some of these 
points Dr. Met* was himself profoundly convinced. The 
deep and comprehensive studies in the history of modern 
European thought which occupied most of his life, led 
him to the conclusion that many eontemporaiy thinkers 
had, under the influence of natural science, on the one 
side, and of Hegel’s dialectical method, on the other, 
turned aside from another way of philosophizing the 
inception of which he traced back to Hume and Locke and 
Bacon, and to the elaboration of which he thought that 
the future belonged. So convinced was he of this that 
during the last months of his life be began a work, 
unfortunately cut short by death, on tho theses of the 
u New ” Philosophy. It is a remarkable fact that Dr. 
Men, whose own thought was so profoundly influenced by 
Schieiermacher and 1 Lotze, and whose knowledge of German 
philosophy was so extensive that some critics even accused 
him of having given undue space to German thinkers in 
his History of European Thought in the XIXth Century, 
should have found in the method of the British school, re¬ 
inforced by the resources of modern introspective psycho¬ 
logy, the mobt hopeful method for the philosophy of the 
future. That in the evening of his life his own strength 
was unequal to the task of building up the “ new ” 
philosophy in detail, he was fully aware. But the splendid 
opportunity which seemed to him here to lie ready to the 
hand of a younger man, was a favourite topic of conversation 
with him. On such occasions he would speak like a 
philosophical Moses, seeing from afar the promised land 
which be knew himself not to be destined to enter. 

But, before turning to the proper topics of thiB paper, 
it will be well to give a brief account of Dr. Men’s 
philosophical publications in their historical order. 
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I. 

The earliest work by Dr. Mens on u philosophical 
subject* was, probably, an article m Gelzer's Protestan - 
tische MonaiMaUer (1864) on Francis Bacon von 
Verulam: Seine Stellung in der Kulturgesrhichte.f From 
private papers in the possession of the Meiz-family it 
uppears that this article was originally prepared tor a small 
Philosophical Society at Heidelberg; whither Dr. Mens 
had gone in 1882 for post-graduate studies in philosophy. 
The Society was composed of the Professors and Lecturers 
in Philosophy and of some of the senior students, the 
leading figure being Eduaid Zeller, the well-known author 
of the History of Greek Philosophy . The occasion for Dr. 
Merz's paper was the appearance of a pamphlet by the 
famous chemist, Justus von Liebig, entitled Francis Bacon 
und die Methode der Naturwissenschaft . Young Meiz set 
himself to defend Bacon's analysis of scientific method 
against Liebig's criticisms. The discussion which followed 
revealed a marked difference of view between Zeller and 
Mers, which was intensified when the latter, in accordance 
with academic custom, presented to the Philosophical 
Faculty a thesis on The Present State and lask of 
Philosophy for the venia Icgetuh. Under Zeller's influence, 
the Faculty, whilst acknowledging the literary ability, 
general knowledge, and independent attitude of the writer, 
refused to accept the thesis and asked, instead, for a more 
technical specimen erudition is. This experience determined 
Dr. Mere to leave Heidelberg and seek hia academic fortune 
in Bonn. There, not only was his thesis accepted, but he 
also obtained the venia legend i after a colloquium with the 
Faculty on a further thesis which dealt with The Relation 
of Logic to the Theory of Knowledge. This latter thesis, 
which does not appear to have been published, once more 
formed the basis of the colloquium with the Philosophical 
Faculty at Gottingen, when, after a year at Bonn, Dr. 
Mars joined the circle of lecturers on, and students of, 

* Hia Doctor's Thesis, in 1863, was still connected with the mathematics! 
and physical studies which had ooctmied him as an undergraduate \ Vbsr die 
MUekkskr sines /Veinifsn chi dm mlmficftm gso esn triscksn naif dee Rtnsntsisk 
* t te. voL xxlv., pp. 166-186. 



236 


philosophy which had gathered at Gottingen round Herman 
Lotze. Dr. Merz’s inaugural lecture at Bonn dealt with 
the importance of Sant’s philosophy for contemporary 
thought, and appeared, also in 1804, in Gelzer’s MonaU- 
bldtter under the title Cfber die Bedeutung der Kantischen 
Philosophic fur die Gcgcnwart (Vol. 24, pp. 376-389). 
About the same time, the original Heidelberg thesis, or 
portions of it, appeared in the Deutsche Vterteljahrsschnft 
(Vol. xxvix., No. 106, April-June, 1864; pp. 38-76) under 
the title, Zur Verstdndigung uber die kulturgeschichthche 
Stellung und Bedeutung der deutschen Philosophte im 
neunzehntcn Jahrhundert . This youthful work is interesting 
because of the unmistakcable anticipations which it 
contains of some of the positions which, towards the end 
of his life, Dr. Mere developed into the programme of the 
14 new ” philosophy. Writing at a time when the reaction 
against Hegelian idealism in Germany was at its height, 
and when the decline and fall of all philosophy before the 
rising sun of positive science was confidently predicted, 
Dr. Mere enters the lists as an undaunted champion of 
philosophy. He agrees, indeed, that the philosophical 
constructions of the preceding age cannot stand. Kant’s 
dualism is unsatisfactory; Fichte fails to provide an 
adequate basis for religion; Schopenhauer's cosmic will 
is a daring but unsound hypothesis; Heg&l’g philosophy a 
“ konstruierender Schematismus,” But these, and other 
failures, leave the need for philosophy untouched. The 
abiding task of philosophy continues to confront it, and 
new sources of knowledge—the rising sciences of anthro¬ 
pology and ethnology, of the physiology of the senses, 
and, above all, of psychology, together with new researches 
into the history of philosophy itself—are providing fresh 
data for a fresh attempt at a philosophical synthesis. 
Moreover, such a synthesis must include, not only 
scientific and philosophical theories, but also contemporary 
movements in art, literature, moralB and religion. It must 
be, in fact, a synopsis—critical in method, but positive in 
result—of human Geistertehen. It must be “ der die 
Kreise des geistigen Lebens einschliessende , nicht our- 
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*chl%e$*mde> Krets In this emphasis on synopis (though 
this striking term is not yet used); on the reconciliation of 
conflicts in the spiritual life of humanity; on the inclusion 
of literature, art, and morals; and, especially, on the 
central importance of psychology, it is easy to discern the 
seed of which we have the flower and fruit in the matured 
conclusions of Dr. Hern's later works.* 

It is interesting, in this connection, to record the 
subjects of the lecture courses which Dr. Mere gave as PrtvcU- 
Docent . At Bonn, he lectured, publicly, on “ The Position 
of German Philosophy during the XIXth Century/' 
and, privately, on “ The Introduction to Philosophy and 
Philosophical Encyclopaedia.” At Gottingen, in 1866-6, 
he gave a private course on ** The History of Geiman 
Philosophy since Kant,” and a public course on what was 
to remain the central problem of hiB philosophical thinking, 
vi*., “ The Relation of Philosophy to Religion.” 

It was in 1866, too, that he read, for the first time, 
through the whole of Hume's works, and began to project 
a work to be entitled, “ David Hume, his Philosophy, his 
Age, his Influence.” From this time, therefore, dates the 
marked influence of Hume's thought on Dr. Mere. The 
book on Hume, however, remained unwritten, for towards 
the end of 1866 Dr. Mer* decided to abandon the academic 
career, in epite of the fact that his work had begun to 
attract attention and that he was being mentioned for a 
Professorship at the University of Baael.f The reasons 
why Dr. Mem gave up a career in which he had every 

* Daring these yean of atfldy and teaching at Heidelberg and Boon, Dr. 
Men also contributed reviews of philosophical books to the Gmenger 
Celebris Anxetgen, Ho less than three appear in the rolame for 1804, vis., 
in No. 8 a review of R. 8ohellwien, Skin t tnd Bewunteeii i; in No. 80 on* of 
Hir James Mackintosh, A Dissertation on the Progress qf Ethical Philosophy 
rhiqfy during the Seventeenth and Eighteenth Centuries (third edition); n 
No. 49 one of Dean ManaeVs Metapkpme, or the Phitoeophu of Conscious ness, 
Phenomenal and Real. In 1868, whilst still a student at Heidelberg, Dr. 
Men published a review of Jens Baggeem'e PkQoeopkiecher Kacktae* m the 
Theologieeke Studien und Kridhen ton Utkmemn uni Bothe. 

t The friend who urged Dr. Men to beoome a candidate for the Chair of 
Philoeophy at Basel was the well-known Classical scholar. Professor fvledrieh 
W. Hitachi, then at Leipcig, whose friendship Dr. Mere had gained at Bonn. 
It is interesting to note that it was on Hitachi's reoommendatfatt that, two 
yean later (1800), Medrioh Nietssohe was appolntadtothe Chair of Clsssiost 
Philology at Basel. 
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prospect of achieving distinction, were, partly, that an ill¬ 
ness in 1866 had left, as an after-result, a weakness of the 
throat which would have proved a serious handicap in lec¬ 
turing to large classes, and, secondly, that he felt himself 
to be too young and immature ior writing a magnum opus, 
such as was expected from a candidate for a professorial 
chair. Hence, he decided to avail himself of an opportunity 
which presented itself to him at that time, for returning 
to the land of his birth, and to devote his high scientific 
training to the development of the chemical and electrical 
industries which were then being inaugurated in this 
country. However, in the midst of his activities as 
industrial organiser and administrator, he kept alive his 
interest in, and love for, philosophy. When, in 1877, 
Edward Caird’s first book on Kant, A Critical Account of 
the Philosophy of Kant, appeared, Dr. Mens contributed a 
review-article on it to Macmillan's Magazine (Yol # xxxviii, 
May, 1878, pp. 67-80). The scholarly competence of this 
article drew attention to his qualifications as an expert on 
German philosophy and ledLto his being asked to contribute 
the artirle on Lotze to the Ninth Edition of the 
Encyclopedia Britanxca (1883). With small additions 
(mainly bibliographical) this article has kept its place in 
all subsequent editions of the Encyclopedia.* An even 
more significant recognition of Dr. Mers's philosophical 
scholarship was his inclusion among the select group of 
contributors to Blackwood's Philosophical Classics . His 
volume on Leibniz in that series appeared in 1884, and 
its merit is sufficiently attested by the fuct that a German 
translation of it was published within two yean (1886). 

By this time, Dr. Mens had achieved a leading position 
for himself in the building up and organising both of 
chemical and of electrical works in the North of England. 
Some of these, like the Newcastle Electric Supply Co., 
have under his guidance grown to be among the largest 
undertakings of their kind in this country. Yet, in spite 
of the fact that he was thus spending what most men would 

* An article on Lotze for Mind vu planned about this time, but 
apparently never finished for publication. 
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regard as the normal working hours of the day in the 
application of hit* scientific training and his organising 
ability to the creation of industrial works on a large scale, 
he conceived, early in the 'eighties, the plan of writing a 
History of European Thought in the XIXth Century. After 
fourteen years of preparatory reading, covering the scientific 
and philosophical literature of England, Germany and 
France, the first volume of this monumental work appeared 
m 189U, and was followed by the second in 1903, the third 
in 1912, and the last in 1914.* The tame of Dr. Mere will 
always rest securely on the solid worth of this magnum opus 
which is equally distinguished by the runge and accuracy 
of its learning, the lucidity of its style, and the sanity of 
its judgments. It is u work the writing of which demanded 
unusual qualifications, such as were, perhaps, possessed by 
none of his contemporaries iu quite the same measure. 
For, apart from the command of three languages, this 
history required an equal mastery of the thought and 
terminology of mathematics, of all the main natural sciences 
from physics and astronomy to geology, ond of philosophy. 
Moreover, in its original conception, the history was to 
have had a fifth and a sixth volume dealing with the 
mo\ements of thought in poetical and religious literature— 
thus realizing the plan of a complete synopsis of the 
Qtintedcben of the XIXth century foreshadowed in Dr. 
Mens's youthful dissertation. We, of a lesser and lazier 
generation, may well be awed by the reminder that the 
preparatory studies for, and the composition of, the Hitfory 
were accomplished by Dr. Merz mainly in the early 
morning hours between 6 and 8, before his day's work 
as manager and director of industrial concerns began. His 
method was to write out a draft of each chapter iu a clear, 
neat hand, the few corrections showing how thoroughly the 
material had been mastered and the argument thought out 
before pen was put to paper. Subsequently, the whole 
draft was carefully revised, and this was the occasion for 
the insertion of the many long footnotes, which bring the 

* The first volume reached e second edition in 1908 end e third In 1907* 
The second volume rea c hed e seoond edition In 1912. 
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references to the relevant literature up-to-date, and display 
the vast stores of knowledge out of which the History was 
written. The work at once, and deservedly) took a high 
place in the opinion of m holars, ior it appeals equally to 
the specialist interested in the history of his own special 
branch of knowledge, and to the student desiring to suivey 
the whole stream of human thought in the XIXth century. 

Yet it is curious to reflect that this magnum opus, 
conceived on a scale which, even aftei 32 years, compelled 
the author to leave it unfinished, was, uttei all, to himself 
meiely a preliminary 41 preparation ” for the mam aim of 
all his philosophical endeavouis, vis., a clearer definition 
of his own position. Dr. Mens set himself to master the 
thought of a centuiy than which none has been licber in 
manifold literary, scientific, and philosophical achieve¬ 
ments, in order that fiom this ample soil, thus amply tilled, 
he might draw the harvest of his own philosophical con¬ 
clusions. Or, to change the metaphor, he deliberately 
exposed himself to all the winds of the intellectual heaven, 
deteimined to use them all in steeling the barque of his 
own speculation into a safe port. Aiming his papeis, after 
his death, weie found MSS. on The Relation of Goethe to 
the Thought of the Century , on Goethe and Wordsworth , 
on Matthew Arnohl, and fragments of an essay on SaiAuel 
Taylor Coleridge —no doubt, studies preliminary to the last 
two volumes which remained unwritten It is well to 
remind ourselves of theUe, lest we forget that the //i*fory, 
as it stands, by no means reflects all the influences which 
helped to shape Di Merz’s final conclusions And the 
reminder may help us, too, to appreciate something of the 
tragedy—the common human tragedy of disproportion 
between plan and execution, high aim and human limita¬ 
tion—which lies in the fad that a work planned as a 
preliminary absorbed in the end Dr. Merz’s best vears and 
energies, and thus robbed him and us of that full develop¬ 
ment of his philosophical position to the statement of which 
it was to have led up. This reflection, of course, detracts 
in no way from the abiding value of the achievement which 
the History represents. On the contrary, it is by the 
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History more than by anything else which he has written 
that Dr Mers will live, as he deseives to live, in the imnds 
of future generations of thinkers But, his own early and 
enduring hope and ambition, undoubtedly, was to bung all 
his historical studies to fruition m a positive philosophical 
synopsis Instead, Religion and S(ten<e A Philosophical 
Essay (1916) and A Fragment on the Human Mind (1919) 
contain all that he lived to develop of his own philosophical 
theories, and he himself was fully aware—as, indeed, the 
term “ fiagment 99 indicates—of the inevitable incomplete¬ 
ness of these statements of his views What we get in these 
two books, aie, so to speak, sketches of the edifice to be 
built, together with suggestions foi a method of building 
it and stones to be used, heie and theie by the builders 
We certainly do not get the completed edifice itself Never¬ 
theless, any review of Dr Mer/’s philosophical woik must 
be based mainly on these two books, supplemented by the 
Introductions to Vols I and III of the History and also by 
its concluding chapters (Vol H, chs XI and XII) 

We owe it, too, to Di Heir’s mommy to lecoid in this 
retrospect the wavs in which he helped to fostei interest in 
philosophy m Newcastle, and the c ontn but ions which he 
made to our own Duiham University Philosophical Society 
Both in the autumn of 1882 and m the wmtei of 1894/6 he 
gave at the Newcastle Liteiary and Philosophical Society 
a couise of Sit Inttoductory Leituies to the Study of 
Mental Philosophy —the only occasions 1 believe, on 
which, notwithstanding the second adjective m its title, 
the M Lit and Phil 99 has had a couise of lectures in 
philosophy, certainly the onlv occasion on which such a 
course has been given by a member of its own Committee 
To the Philosophical Societv he read, on Maich 4th, 1897, 
i paper on Educhtton and Instruction in England and 
1 broad 9 which was subsequently printed in the Journal 
of the Umveisitv And after the Society had begun to 
publish Proceedings of its own, he read to it three papers, 
entitled The Development of Mathematics in the XlXth 
Cent (Prot , Vol u , Pt 3, 1903), On a General Tendency 
of Thought during the Second Half of the XIXth Cent, 
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(ibid., Vol. in., Pt. 5; 1910), and On the Synoptic Aspect 
of Reality (ibid., Vol. v., Pt. 1; 1913). These papers, too, 
haye been consulted in writing the following review. 


II. 

We turn, then, to our first topic—Dr. Men’s conception 
of philosophy as the mediator between science and religion. 

In the Preface to the Fragment (p, vii.) Dr. Men 
explicitly declares the reconciliation of Science and 
Religion to be, for him, the main piobletn of philosophy. 
To the answer to this prohlem he had already devoted the 
essay entitled Religion and Science, and there can be no 
doubt that this problem was to him personally of funda¬ 
mental concern. A Christian by sincere conviction, and, 
at the same time, a lifelong student of the theoiies and 
methods of modern science, he looked to philosophy to 
bridge for him, and for all others similarly brought up 
in two distinct traditions, the gap, and, indeed the conflict, 
between the two world-views. “ To harmonise the essential 
truths of the Christian religion . . . with the unfetteied 
progress of free inquiry ”; to u effect a reconciliation* 
between . . . the region of methodieol thought on the one 
side, and the region of personal completions on the other 99 ; 
or, in language borrowed from Lotse, " to show how the 
world of values finds its realisation in the world of things 99 
—these are some of the varied formal*® in which he sets 
forth the mediating function of philosophy. Again, with 
an echo of the language of his youthful dissertation, we 
read of philosophy as “ the endeavour to impart unity and 
consistency to the scattered thoughts of general culture.” 
The “ unification of knowledge and thought 99 and the 
“ formation of a reasoned creed ” are*to be its goal. In 
this conception of the task of philosophy Dr. Mers reveals 
his critical independence of the spirit of an age in which 
Agnosticism and Materialism were in fashion, and in which 
the theory of evolution had kindled anew the conflict 
between scientific theory and biblical cosmogony. And 

kA ihrrwft him flail, alio, the true diacinle n# TatM ul vrfcsnti 
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he say* in his Hutory (Vol. iv., p. 666): u We can 
recognise in Lotze’s system the only adequate attempt to 
give the rationale oi scientific thought on the one hand, 
and of religious thought on the othei, and to bring the 
two aspects togethet into some intelligible scheme or 
foimula.*' Thut Di. Mens should have found in other 
contemporary thinkers fiom whose views he differed widely, 
such as Heibeit Spencer and Auguste Comte, a similar 
demand for a reconciliation of science and religion, cannot 
have failed to confirm him in a view to which, anyhow, 
he must have been diiven by personal experience of their 
conflict in his own life and thought, and in the lives and 
thoughts of educated men all aiound him. 

In his last utterance on this subject, in the Fragment 
(p. 243), he even defines the task of philosophy as a 
threefold one. It has not only “ to unify thought as 
displayed in the thiee independent regions of Science, 
Art, and Morality,” and, secondly, “ to demonstrate the 
possibility of Religion,” but it has also, thirdly, “ to 
afford such a view of the world and life as will support 
the moral stiurture of society.” The new note which Dr. 
Mem here strikes, reflects, we can hardly doubt, the 
impression (which gained upon him duiing his later years) 
of a profound mmnl unsettlement in the world aiound him. 
The stability of the established older, social and economic, 
rests on loval and contented acceptance by the average 
citizen of his station and its duties. He regaided the spirit 
of discontent os the enemy of the spirit of duty, and I 
believe that at the bottom of his heait he looked upon 
most of the social and economic unrest of our days as due, 
not so much to faults of the established order, as to the 
false moral values pursued by our generation. A philoso¬ 
pher mav be forgiven for doubting whether the appeal of 
philosophy can ever teach the mass of men or move them 
so deeply as to remedy a spiritual discontent so wide-spread 
as that of our times. He is likely to feel even more 
impotent in the storm of conflicting human passions than 
does Mr. H. G. Wells's bishop (rf. The Soul of a Buhop) 
though the latter has the whole prestige and organization 
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of the Church on his aide. If organisations ho powerful as 
the Christian Churches prove incompetent to bring indus- 
tiial peace, or to stop a worfd-war, or even to put an end 
to assassination in Ireland, what can philosophy and 
philosophers achieve? Yet, at times, Dr. Merz seems 
to have ciedited philosophy with this supieme power of 
bringing about the moral regeneiation of mankind. Theie 
is, at least, one passage in the Fragment (p. 237) in which 
the task of defining the moral foundations on which human 
relations are to he oiganized is assigned by him to religion 
fl for the earlier stages of civilisation M and to philosophy 
“ in more advanced societies. M Most probably this passage 
reflects the rare combination within himself ot philosopher 
and industrial organirer. At any rate, Dr. Mere cannot 
be accused of having had a low opinion of the responsi¬ 
bilities and opportunities erf a philosopher. 

Let us, however, return from this extension of the task 
of philosophy to the moial sphere, to the tasks originally 
assigned to it, viz., the u unification " of thought and, 
more particularly, the “ reconciliation " of religion and 
science. 

It will help us to appreciate Dr. Hera's own treatment 
of these two tasks, if we begin by considering for ourselves 
what aie the diffeient ways in which " unification " and 
“ reconciliation," as applied to different thought-systems, 
may be understood. 

Dr. Mers himself, in speaking of Comte (History, Yol. 
iv., p. 686), observes that Comte's “ unity is essentially 
that of harmony; it is not a unity of thought or method, 
it is one of tactics or organisation." There are, then, 
several ways of unifying—indeed, there are, perhaps, even 
more ways than are here enumerated. Which of all these 
will supply the unification of which we are in search? 

Let us consider. 

(a) We have one type of unification when phenomena 
widely diverse in their prvma facts character are brought 
under a common concept or law, as when—to use a familiar 
example frpm the Logic text-books—the breathing of 
animals and the rusting of iron are recognised as being 
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phenomena of combustion no lees than the burning of a 
log in the giate Other instances of this type of unification 
we may find, if Tacqucs Loeh is light m the application 
of the Rom oe-Bunsert Jaw of photo-chemic il icactions to 
hehotiopir annuals, 01 it ricud is right in the new 
psycho-analytic concepts which enable us to refer 
experiences so diverse as dreams and the countless slips 
and misfits of our eveiyday behaviour to the same mental 
mechanisms 01 , if Einstein is tight in the way in which 
the tbeoiy of relativity acc ounts equally for facts which 
pioved obstacles to the Newtonian theoiv and foi the facts 
which fit veil with that theory The distinctly ohaiacter 
of this type of unification rleailv consists in the extension 
of a knoun law or concept to a flesh group of phenomena, 
or, else, in the flaming of a new law or concept bringing 
togethei and leducmg to oidei facts hitherto scatteied, 
isolated, chaotic 

(b) A second type of unification may be lllustiated by 
the woik of modem ** logisticuns ” or “ mathematical 
logic lans,” ic, by such analyses is those by which the 
syllogism of traditional Foiraal Logic has been geneialued 
and shown to be but a special case of a more general cal¬ 
culus, and those by which the mathematicians’ concepts of 
space and number have been bioken up into their ultimate 
logical constituents, until a new Logic has emerged which 
is the common foundation both of Mathematic g and of what 
hitherto has gone bv the name of Foimal Logic, and in 
terms of the indefinable* of uhich all the concepts can be 
“ constiucted ” which mathematic lan 01 logman may need 
((f Whitehead and Russell, Pnmtpia Mathematica) The 
distinctive charactenstic of this type of unification is 
analytic reduction of complex concepts to simple and 
indefinable concepts, and, by a leveise process, deductive 
construction of complex concepts out of simple ones 
Whether this ideal of construction can be earned so far as to 
embrace the concepts, not only of mathematica, but also of 
the empirical sciences, may justly be doubted But there 
are thinkers who dream of an ultimate unification of all 
sciences in the sense of such an analytic reduction of the 
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concepts of all higher sciences biology) to those of 

lower, t.6., foundational, sciences (c.#., chemistry and 
physics), and of these again to the concepts of sciences still 
more fundamental (c.//., mathematics), until the base of 
the whole structure is reached in pure JjOgic. 

(c) Of both the previous types we may fairly say, in 
Dr. Mem's words, that they are types of unification “ of 
thought or method." But it is far from clear whether 
this description would apply to a kind of unification of 
which several varieties may be found in philosophical 
literature. Does Schopenhauer's Will, for example, 
provide a genuine unification, ot Von Hartmann's 
Unconscious, or Bergson's Man vital? Or Herbert Spencer's 
Unknown and Unknowable AbsoluteP Superficially these 
examples may seem to exhibit some likeness to our type 
(a) : they bring all things under heaven and on earth under 
a single concept. But there is a profound difference from 
the scientific type of unification (<i). For, u scientific 
concept or law expresses a correlation of observable 
phenomena, and it does so, if pt all possible, in a quantita¬ 
tively determinate formula** ’ttiese philosophical concepts, 
on the other hand, seek 'to name the reality which lies 
“ behind " the phenomena. Hence, they presuppose a 
distinction between the appearance of things to an “ out¬ 
ward " observer and their “ inner " nature,* nnd generally 
they find the clue to the ° inner " nature of the cosmos, 
to the, reality behind all phenomena, in the “ inner 99 
nature of man himself, as revealed through introspection, 
intuition, or self-consciousness. 

(d) Another type of philosophical unification may be 
taken as represented by Hegel's Ijogilt and McTaggart’s 
recent The Nature of Emttewce. Hegel believed that by 

* The language in which this distinction is expressed may very from one 
philosopher to mother, A typical modern formula is Bergson's in the 
opening sentences of his Introduction to Metaphysics. There are, he says, 
‘‘two profoundly different ways of knowing a thing. The first implies that 
we move round the object; the seoond that we enter into it. The first 
depends on the point of view at which we are placed and on the symbols by 
whieh we express ourselves. The second neither depends on a pout of rip* 
nor relies on any symbol. The first kind of knowledge may be said to stop 
at the relaties; the seoond, in those oases where it is possible, to attain tp* 
absolute" (p. 1). 
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a purely logical development lie oould build up the system 
of oonoepte (“ categories ”) from Pure Being at one end 
to Absolute Spirit at the other. This system he regards as 
embodied in Nature and in History, in Science, Art, 
Morality and Religion. For him philosophy meant 
“ phenomenology "—very literally a “ theory of pheno¬ 
mena,” but of phenomena as appearances of Absolute 
Spirit, each different kind of appearance having its 
determinate place in the hierarchy traced by his dialectical 
method. This kind of unification Dr. Mere, whilst paying 
an eloquent tribute to Hegel’s genius (“ we are compelled 
to regard Hegel’s philosophy as one of the greatest, if not 
the greatest, intellectual performance of the century ”— 
Hittorp, Vol. iv., p. 662), emphatically rejects. He quotes 
with approval Bradley’s scathing criticism of the “ blood¬ 
less ballet of categories,” and elsewhere he speaks of 
Hegelian idealists as “ evaporating all religious truth into 
mere abstract notions such as the Absolute” (Fragment, 
p. ix). In fact, friends and critics alike are agreed that 
Hegel’s system, as it stauds, is, in Dr. Men’s words, a 
“ gigantic failure,” however important may have been the 
impulse which it communicated to subsequent philosophical 
thought. Even McTaggart, the foremost expounder of 
Hegel in England at the present day, holds that the cate¬ 
gories do not, in fact, stand to each other in the relations 
required by the dialectical method. Whether McTaggart’s 
own attempt to do Hegel’s work over again in a fresh way 
will fare any better, remains to be seen. The final 
judgment on this point cannot be spoken until the second 
volume of his Nature of E.n» truce has appeared, in which 
we are promised the application of the a priori conclusions 
of the first volumd concerning the structure of the universe 
to the empirical world as we actually find it. # 

(s) Lastly, the type of minimum unification may be 
found in all those theories which " reconcile ” science and 

* HeTsggsrt’* pcoieiaeil goal is to exhibit the nnivem to as at, ia ft* 
ultimata oharaoter, a aooiety of spirits. Tba attainment of this goal wifi 
fortafaly involve a oaaeelliag of the difieremoet whioh we ordinarily noogaisS 
totween Matter, Life and Hind, snob as departs widely (pm the meintmanee 
o' these dfetfewtfcns in Hegel's ordered phen omen ology. 

19 
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religion merely in the sense of showing that we need them 
both because both are grounded in human experience; 
that they can co-exist without mutual contradiction or 
conflict; and that religion may even be regarded as supple¬ 
menting and completing the scientific view of the universe. 
The model for this type of unification may be found in 
Kant’s account of the relation of “ pure ” to “ practical ” 
reason, i.e., ot the relation of the determinism of science, 
based on the concept of causal necessity, to the freedom of 
the will which is the postulate of morality. We may, 
perhaps, paraphrase Kant’s position by saying that both 
science and morality are undeniable facts in our lives; 
that we must, therefore, hold fast to the fundamental 
principles of both; and that we can do so without contra¬ 
dicting ourselves if only we keep the scientific and the moral 
points of view completely distinct. On the other hand, 
Kant acknowledged himself unable to find any positive 
relation between these two points of view, and thus insisted 
upon the incomprehensibility of their co-existence. Not 
a very satisfactory solution, it will be admitted. For, 
dodging a contradiction is not exactly effecting a recon¬ 
ciliation. Tt is a little like ending the incompatibility of 
husband and wife by a divorce whioh makes them live 
apart and cut each other dead for the future. Yet the tactics 
of avoiding a contradiction by making a distinction are 
sound in principle. Hence, Lotse renewed the attempt by 
introducing a distinction between the worid of “ things ” or 
" facte " and the world of “ values,” and he sought to make 
his reconciliation more positive than Kant’s by showing that 
ths world of values is realised, or is in process of being 
realised, in the world of facts. This method of unification 
is, dearly, of tlie sort called by Dr. Men a unity of 
“ harmony ” or “ organisation,” vis., a harmony effected 
by insisting upon a fundamental distinction between two 
points of view which, else, would be deadly rivals. Lotse’s 
skilful use of the method has been of very considerable 
influence on subsequent thought. It has supplied the 
philosophical basis for the whole school of theology of whidf 
Ritechl was tye founder. It has found e xp re ssi on i» tha 
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distinction between Natunnuentehaft and Geutesvnwen- 
ichaft which, under the leadership of Bickert, u being 
elaborated by an important school of German thinkers 
Jn yet another direction it has given nee to the study of 
value-judgments, both in their psychological constitution 
and ongin, and as supplying the bases for economics, 
(esthetics, ethics, and the philosophy of religion In fact, 
Werttheone derives its origin from the pioblem which 
Lotse put when he distinguished between fact and value 
A closely allied way of harmonising apparent mcompatiblea 
by a distinction is to connect science with intellect or thought, 
and religion with feeling or emotion, and to say that, since 
both intellect and feeling are founded in human nature, 
both have their rights We have as much right to judge 
the universe by the feelings which it evokes in us as by 
the way in which it presents itself to the dispassionate 
gase of the intellect To omit the feeling-side of our 
natuie would be to omit so to speak, one half of the 
available evidence 

Dr Men's reconciliation of religion and science le 
without doubt of this last type and follows in its general 
character, the Lotsean model His statements of it contain 
explicit references both to the distinction of fact and value 
and to that of intellect and feeling But it is equally 
important to point out that Dr Merr introduces from other f 
sources a number of fresh considerations which, in effect, 
make his position, not a mere restatement of that of Lotre, 
but a distinctive and in some ways original contribution 
to the philosophical discussion of the problem 

The argument has two sides The first is negative it 
consists of a philosophical criticism of natural science, 
directed towards showing that science does not use the 
whole Of our experience in the construction of its world- 
view and is, so far, deficient The second side is positive 
it seeks to lay bare the psychological roots of both science 
and religion, and thus to exhibit them both ae natural and 
inevitable growths in the human mind And, further, it 
seeks to show that, precisely in virtue of its psychological 
roots, religion both supplements and embraces soienee 
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Dr. Mens's criticism of science may be summed up 
under the following four heads:— 

1. Science “ abstracts”: “ it rests . . . upon a process 
of selection, and in fact of very narrow selection, within 
the whole field of consciousness with its manifold 
experiences” (Rel. and Set., p. 88). It is just because 
science does not cover the whole of experience that there 
is room for religion. Moreover, religion does not simply 
stand alongside of science—os it were, parallel and inde¬ 
pendent. No, if science abstracts and selects, there is room 
for a synoptic, inclusive point of view, and Buoh, precisely, 
is the point of view of religion. “ The real nature of 
things as distinguished from that imaginary or abstract 
feature which we, in scientific research, substitute for it, 
reveals itself to us only if we look at it ns a whole . . .” 
(ibid., p. 103). 

2. Science “ dissects ”: its method is first analytic and 
then synthetic Religion gathers into itself the whole of 
our experience: its method is “ synoptic ”—“ seeing things 
together.” 

3. Science seeks “ descriptions ” and eschews “ inter¬ 
pretations.” Otherwise put, it deals with ** tilings ” and 
ignores “ values.” Religion is our response, in worship 
and adoiation, to the supreme values which a spiritual 
interpretation discerns in the world. 

4. Science “ depersonalises.” Religion, at its beet, is 
communion with a personal God. 

These four criticisms of science may be condensed into 
one. They are all variations on the single theme that 
science is “ abstract.” What exactly does the term 
" abstract ” mean when applied to science? The answer, 
as it may he found in Dr. Men's pages, is cumulative. 
It cannot be given, so to speak, on a single plane. On the 
lowest plane, or in the moet general sense, science is abstract 
because the <jbjjeots with which it deals—we may sum them 
up in soms such blanket-term as "physical nature,” or 
the *' external world,” or the ** materiel world ”—are 
treated in isolation from the context of experience in which 
they actually occur, or, to put it differently, in abstraction 
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from all that is "subjective,’' such as the feelings and 
interests they arouse, the activities to which they give 
rise, etc. Nature, as Professor A. N. Whitehead has 
neatly put it, is “ closed to mind." Thus, in restricting 
itself to the " external" world, physical science leaves 
aside the whole " inner " woild. It deals with " bodies," 
not with "minds." At any rate, there is u steady and 
powerful pull throughout all branches of natural science 
towards the methods and theoiieg of mathematical physics. 
Hence—and here we shift to another plane of argument— 
science tends to deal even with the " external " world of 
nature, not as a whole 01 in all its aspects, but by preferring 
those portions or aspects of it which lend themselves to 
description in terms of classical Newtonian physics, t.e., 
“ in terms of Time (flowing in measurable lapses) and of 
Space (timeless, void of activity, euclidean), and of 
Material in Space (such us matter, ether, or electricity)."* 
Such a description fits inanimate bodies well enough, hut 
hardly does justice to living, and still less to conscious, 
bodies. Certainly, the expression of minds through bodies 
the manifestations of feeling, thought and will where they 
occur, must needs be ignored by natural science. They 
call for interpretation, not for description. They do not 
lend themselves to mathematical treatment. They fall 
outside the framework of the concepts of physics and 
chemistry. Thus science has no room for the chief inter* 
pretative concepts of purpose and personality, either in ihe 
human Bpheie, or as applied to nature as a whole. And a 
further point on which Dr. Mers, following heie Wilhelm 
Wundt, is fond of dwelling is the contrast between the 
“ growth of mental energy" and the " degradation (or 
•dissipation) of physical energy." Whereas the motions due 
to pufrely physical energy tend towards an equilibrium 
indistinguishable from absolute rest and death, the history 
of civilisation exhibits the cumulative creativeness of mind. 
“ He great architectural structures to be found in ancient 
and modern countries, the collections of books, the galleriep 

* Quoted from A. H. Whitehead, Tht Prinripks nf Natural 
pert 1, ‘‘The Tradition oi Science,'’ oh. i.. p. 1. 
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of painting and sculpture, the academies of learning, the 
houses of worship, the songs of the people, and the sublime 
cieationa of musical composers, testify to the existence of 
a world which is quite distinct from the amount of material 
or physical energy which has been used and expended in 
its creation ” (Fragment, p. 192). This is the “ World of 
Values ” which is a creation of mind (ibid., p. 280) and 
to which mind is constantly adding by its creative activity. 
Thus, Dr. Men might almost have accepted Bergson’s 
formula that the concepts ni science fit “ matter ” and 
enable us to control it for our practical needs, but that 
they cannot deal with the creative flan vital which uses the 
human mind as the spearpoint of its advance. In all these 
several ways, then, science omits, selects, and thus 
“ narrows the vision.” Vet “ even the student of pure 
science has always to turn again from his rigid calculation 
and measurement to the broad view of actual life: he has 
to take in at a glance the world as it is before he dissects 
it; he has to recognise that no analysis and subsequent 
synthesis exhausts the nature of any visible or tangible 
thing, that the eniemble is more than the sum of its parts *’ 
(Fragment, p, 196). 

In this way Dr. Men appeals to the critical reflection 
of the philosopher whom we must suppose to be lurking, 
though often severely repressed, in the bosom of every 
scientist. Nor should the point of these criticisms of 
science be misunderstood. Their aim, dearly, is not to 
discredit science as science, but to point out that, from the 
nature of its methods, It cannot be all-moiusive: it cannot 
deal with the world of our experience as a whole. If these 
criticisms seem pointless and irrelevant to any scientist, 
let him hear in mind that they are not the oriticisms qf 
an outsider: they are not inspired by sweet ignorance of, 
or unfamiliarity with, scientific ways of working and 
thinking. No, it is precisely the fact that Dr. Men was 
originally trained as a physicist and chemist and that he 
spent his practical life in the application of science to 
industry, which gives to his criticisms a serious daim upon 
the attention of all scientists who an at all interested in the 
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problem of the scope and the limitations of science. More*, 
over, the argument, so far, required that we should single 
out Dr. Men’s criticisms of science. But this does not do 
justice to the whole of his view. On the contrary, hie 
writings are full of acknowledgments of the value of 
science, both in its logical achievements as theory and 
in its practical applications. The first two volumes of his 
Hutory are in themselves a monument to the scientific 
spirit which he throughout acknowledges and acclaims as 
one of the most important and beneficient forces in the 
Xl-Xth century. And to the careful and sympathetic 
analysis of scientific method he devotes, not only the 
section on “ Science ” in Religion and Science, but also 
a special chapter (oh. x.) of the Fragment. Thus, it is in 
no spirit of hostility to science that Dr. Men emphasises 
the inherent limitations of its outlook and method. It 
would be truer to say that he dwells on these limitations 
just because he was so keenly aware from his own 
experience of the spell which science can exercise over the 
mind, both by its practical conti ibutions to human 
welfare and by its fascination as theory. Its discoveries 
arouse our curiosity and stimulate our imagination. The 
rigour and precision of its mathematical methods appeal 
to our intellects. Alike its theories and its practical appli¬ 
cations give us an almost intoxicating sense of power. 
When the spell of science is upon us, we are apt to forget 
its limitations and need to be reminded of them. Like 
Kant, Dr. Mers appeals to have felt that he had to point 
out the limitations of science in order to make room for 
religion, meaning by “ religion,” as defined in Religion 
and Science (p. 2), “ such convictions fta refer to our Duty 
«in relation to our Destiny as human beings.” 

The argument, then, is so far of the fa mili a r type: 
harmony by way of distinction between religion and 
science, by way of bringing out the distinctive point 
of view and method of each. 

But, as we said -above, this is only one half of Dr. 
Mers's case. The other half, which is his special oontti^ 
button to the whole discussion, consists in treeing h ero 
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science and religion to their roots in the human mind by^ 
a psychological argument which is at onoe introspective 
and genetic. It is, I think, for this combination of the 
introspective with the genetic methods that he would have 
claimed such relative originality as his view possesses. It 
seemed to him that the larger resources of modern psycho¬ 
logy, especially as applied to the study of the development 
of the human mind from the first dawn of consciousness 
in the infant to the adult’s full participation in the world, 
made possible a fiesh and more fruitful use of the 
“ introspective method,” which he regarded asi the most 
valuable contribution of the English school (Locke, Hume, 
Mill) to philosophy. Thus Dr. Men’s last word on the 
reconciliation of science and religion consists in showing 
us how they both develop in the human mind by differentia¬ 
tion from each other out of their common basis in what he 
calls the “ primary,” or “ primordial,” level of conscious¬ 
ness. In describing this level of consciousness with which 
all experience begins, he availed himself of James Ward’s 
concept of an everchanging “ continuum of presentations ” 
and of William James’s very similar concept of a “ stream 
of consciousness.” But he did not adopt these concepts 
without modification. He points out that the flow of 
thought, however undifferentiated it may be in the begin¬ 
ning, soon “ seems to eddy round and encircle definite 
objects ” (Religion and Science, p. 21), which recur again 
and again in perception and memory, which keep their 
identity throughout the changes which they undergo' or 
the varying aspects they present, which come to have a fixed 
position in time and space relatively to other objects. 
Inasmuch as these objects thus stand out from the general 
background of consciousness, like stars against the expanse 
of the night-sky, Dr. Mere loved to speak, in a striking 
simile, of the “ firmament of thought.” It is with this 
concept of a firmament of thought that his synoptio method 
is especially connected. For, he holds that soienoe arises 
through pushing further the abstraction >and, as it were, 
isolation of the outstanding objects from the h«*hg mind, 
defining them more precisely, determining their relations 
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to Moh other in space and time, formulating laws of cause 
and effect for their changes. Yet, on the other hand, these 
same objects remain steeped and immersed in the whole 
context of experience from which science abstracts them. 
They evoke feelings, interests, activities which science 
ignores. It is the function of the synoptic method to 
restore the context destroyed by abstraction, and religion, 
more particularly, is the response of our whole minds to 
the whole of reality. For, religion, just because it is 
synoptic, means “ being absorbed in, and at one with, 
the whole ” (Fragment, p. 53). 

But, if we have followed Dr. Mers so far, a formidable 
problem is still left over and must now be confronted. 

The problem may be put thus. Even sympathetic 
readers and critics will probably agree with me when I 
venture to say that Dr. Men's argument is more convincing 
on its negative than on its positive side. It is not difficult 
to go with Dr. Mers when he points out the limitations of 
science. Even a devoted student of science, it seems to 
me, will not, if he at all reflects critically on the methods 
and assumptions of science, deny these limitations. 
Indeed, he has no reason to deny them. For, to point 
out these limitations is not to depreciate the value of 
science: on the contrary, the limitations of science are 
acknowledged to be also the conditions of its success. The 
argument is not that science is a failure in what it attempts 
by its methods: the argument is that there is something 
more in human experience which science does not, and 
with its methods cannot, attempt to deal with. And so 
there is, again, not much difficulty in agreeing with Dr. 
Mers that the sense of this something “ more ” which is 
brought home to us by our experience as a whole, is the 
root of religiom—using the word in a very general sense. 
The difficulty, it appears to me, begins when we come to 
define positively what this religion is which is thus to be 
reconciled with science. Granted that Dr. Men has sue* 
oessfully answered his own question: “ How is Religion,, 
possible P " (Fragment, p. ix.), it is herd not to feel that 
the fuH task of reconciliation is incomplete, unless we us 
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shown also what are the positive doctrines of this religion 
which is to be compatible with science. If a “ reaso n ed 
creed ” is the goal of our quest, what precisely are its 
articles? In one passage, as we saw, Ur. Men speaks of 
the unification of scientific thought with “ Christian 
truths.” But what, precisely, are the essential Christian 
truths, and how far can they be established by an 
introspective and genetic study of the development of 
individual minds in social intercourse with each otherP 
Considering that Ui. Men wrote the essay on Religion 
and Science with the explicit purpose of helping “ thought¬ 
ful ” members of the younger generation “ who feel 
themselves soie perplexed by the contradictions which 
apparently exist between the dicta of science and the tenets 
of the religious creeds, who are not prepared to sacrifice 
the truth of either, but who find it qxtiemely difficult to 
reconcile them ” (p. 4), I, for one, cannot but feel some 
regret that Ur. Mers did not dwell on the positive sida of 
his argument with greater fullness and detail. Thus, e.g., 
a great many persons who review their religious beliefs in 
the light of their scientific knowledge, find themselves 
unable to accept, as historical facts, such things as the 
virgin-birth, the resuirection, and the ascension to ^pven. 
For, if they were to accept them, they e.g., 

to believe, with the Rev. Father R. A. Kitftf, that at the 
ascension the total weight of the earth was actually 
diminished by the amount of the weight of Christ’* body. 
And, in general, scientifically-trained minds have diffi¬ 
culties with all the miraculous stories in the New 
Testament, or, if they cease to have difficulties, it is 
precisely sp far as these stories can be matched, like ^he 
healing miracles, by the faith-healings of pur own days, 
>».«., precisely so far as the miracles of the Bible cease to 
be “ unique ” and “ without parallel,” and promise, by 
assimilation to phenomena which we oan observe asd 
experimentally repeat, to come within the range of scientific 
explanation. Tet it is by these two marks that Dr. Men' 
defines a miracle: it must be “ incomprehensible ” 
must be 11 exceptional ” (Rel. and Sot., p. 188). Ws& 
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then, taking “ miracle ” m this sente, what argument 
does Dr. Hers offer to reconcile acceptance of mirades 
with our scientific knowledge P The answer is that science 
abstracts from the “ personal ” element in experience, 
that the manifestations of personality, even of merely 
human personality, aie largely indefinable and incalculable 
by the methods of science, and that, therefoie, if the 
personal element be admitted, the mysterious and miracu¬ 
lous cannot be excluded (Rel. and Sci., pp. 188-191). I 
must frankly confess that this aigument leaves me 
unconvinced. My difficulty is not so much that so general 
a defence of miracles—a defence of miracles as, in prin¬ 
ciple, possible and to be expected—leaves the report of 
any given miracle still open to doubt For, this is merdy 
to say that the argument, from admitting the principle, 
would now have to shift to the credibility of our historical 
record for each separate miracle reputed. It certainly 
would not do from the premiss that the manifestations of 
personality are incalculable to infer that, e.g., the virgin- 
birth is a fact. No, my real difficulty with the argument 
is that the sense m which the actions of persons are for 
science incalculable and unpredictable is not a sense which 
covers such a miracle as the feeding of the 6,000 or the 
ascension. The miracles of personality of which Dr. Men 
is really thinking consist in the creativeness of human 
minds, as exhibited, e.g., in the composition of a symphony 
or the writing of a poem. Agam, we may, if we like, call 
it a “ miracle ” when men rise in a crisis to unexpected 
moral heights, or display their inventiveness and originality 
in solving practical problems. It is easy to grant that 
science—and especially physical science—cannot explain 
these things. But they are not, therefore, strictly either 
“ incomprehensible ” or “ without parallel.” In faot, 
in the sense in which Dr. Men defends miracles, every 
manifestation of mind, however normal or familiar, is 
miraculous. But the sense of miracle which creates 
difficulties for scientifically-minded people is the sense‘of 
mirade as a unique historical event due to the exceptional 
internosition of God. 
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t Indeed, reviewing the whole argument, we can hardly 
regard it as insignificant that Dr. Men does not dis cuss, 
or even mention, any single one of the miracles in the 
Bible-rfltory. He makes no attempt to show how he would 
apply to them his principle that belief in the miraculous 
is implied in belief in a personal God. The conclusion 
is almost inevitable that, whilst belief in God was the very 
centre of hia thought-world, the particular miracles of the 
Bible-story play a wholly negligible part in the evidence 
on which he, personally, based his belief. 

This is in keeping, too, with his use of the term 
“ revelation.” By 44 revelation ” Dr. Mers means, quite 
deliberately, not special, miraculous communications from 
God on certain historical occasions, but the constant and 
continuous manifestation of spiritual reality through 
sensuous form. Thus, it is “ revelation ” when we first 
learn to interpret the behaviour of human “ bodies 99 as 
expiesaing the feelings and thoughts of other “ persons 99 
towards us. It is “revelation ” when we interpret “ our 
ever-recurring feeling of dependence with its characteristic 
sphere of emotions, the foremost of which are fear, 
reverence, and love 99 (ReL and Sci., p. 190), as the working 
upon us of a “ Highest Spiritual Power.” It is 44 revela¬ 
tion ” when we trace in the course of History the gradual 
ascent of humanity to higher moral standards and a fuller 
knowledge of God. 

Apart from miracle and revelation, there are two 
theological topics which Dr. Mers briefly discusses in 
Religion and Science. The first is the way in which we 
come to believe in a personal God. The second is con¬ 
cerned with our conceiving this personal God as both 
immanent and transcendent. 

The arguments on these two topics are closely connected 
together, and may be summarised as follows: — 

The first objects which come to stand out definitely 'in 
the 44 firmament of thought 99 are persons, bodies to 
which we attribute the same sort of 44 inner life ” as we 
are aware of^in ourselves when, synoptically, we taka in 
the whole of our firmament of thought. To recur, by such 
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synoptic reflection, from a definite object to tbe whole 
firmament of thought, is to make ourselves aware that 
what we mean by the attribute of personality ia an “ all* 
embracing something. ’ ’ It signifies, as Dr. Men boldly 
puts it, “ completeness, in fact the All ” (p. 171). Yet 
we are conscious, at the same time, of the incompleteness 
and fragmentariness of our own personalities. Thus we 
are led to think of the universe, which confronts us and 
which yet also includes us as parts, as the manifestation 
of a much more comprehensive personality than we 
experience in ourselves. Thus “ personality,” as it is the 
first thing we learn to distinguish, so it is also tbe last and 
highest term we can use in the attempt to make intelligible 
to ourselves our “ feeling of dependence,” our sense of the 
“ spiritual pressure ” (p. 176) upon us of a Gieater-than- 
ourselves, of which we are members even whilst, as greater, 
it is beyond us, absorbing our incompleteness into its 
perfection. 

“ And I smiled to think God’s greatness 
Flowed around our incompleteness, 

Bound our restlessness his rest.” 

The experience here poetically rendered becomes, trans¬ 
lated into the technical language of theology, the doctrine 
of God as at once immanent and transcendent, a spirit 
working at once within us and beyond us. 

When we turn to the Fragment, these theological 
problems drop into the background, and, instead, the 
treatment of religion is dominated by emphasis on the 
moral law, conceived as grounded in the Will of God. 
Indeed, it seems to me that in the chapters on “ Philosophy 
and Religion ” and on “ Revelation ” in the Fragment, 
(chi. xv, xvi). Dr. Mere has succeeded better than 
anywhere else in laying bare the ultimate rpots of his faith. 
The greatest spiritual need of man, so I would paraphrase 
and summarise his thought, is a rule of conduct based on 
a view of the totality of things, of “ reality,” as 
Divine. The stability of social life rests on the individual’s 
loyalty to moral ideals, and if he is to trust these ideals 
and to be faithful to tkem even when such loyalty demands 
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effort and sacrifice, he must look upon them as expressions 
of the Will of God, and upon God as the ultimate reality. 
The task of philosophy, in furnishing a “ reasoned creed,” 
is to exhibit this dependence of the social order on morality 
and of morality on xeligion, and, further, to justify (if 
I may call it so) religion by showing how it is rooted in 
human experience and is our response to the recognition 
of the spiritual character of reality. But a new, and most 
important, note creeps into the argument Not only must 
our approach to religion be synoptic,* but we must always 
remember that the condition for understanding religion 
is to be religious. This, I must warn my readers, ii my 
own way of putting the new and marked emphaais in this 
last of Dt. Men’s works on “ living faith ” and direot 
“ personal experience ” of religion and of the truth of the 
religious interpretation of the world “ The fact that 
Humanity has received what professes to be a highest and 
unalterable rule of life and a name for the highest Reality, 
both being identified in the Christian conception of Love, 
is a fact which must be contemplated as a whole, and, as 
such accepted in faith of rejected. There is for those 
who accept this Revelation only one other proof possible, 
and that is their own experience of the workings of this 
faith in their own lives and m those of their fellow-men. 
No philosophical reasonings, no historical criticisms avail 
either to generate or to destroy this faith—it stands and 
remains as a fact by itself with no parallel in the whole 
range of other experience ” (Fragment, pp. 292-8). There 
are passages in which Dr. Men expresses this very sound 
point by saying that " no logical proof is possible ” of the 
Christian view of life (p. 269), that it cannot even he 
understood “ by purely logical forms of thought ” (p. 280), 
nay even that it is “ irrational ” and “ only to be seen or 
experienced ” (p. 288). What an apparent paradox, if 
we take these phrases literally, that the quest for a roasenOd 


* Of. the following striking iumge flamming the "nttl etreet M fl of 
GbrietUn Thought Md ChrUtum “The ooetejnpUttng flrind Maadl 

betm Has batmen giant Reality whMi onn be Judged fairly oagr la Its whn|£ 




creed and a unification of all thought and knowledge ahould 
culminate in proclaiming religion to be both irrational 
and the highest thing in life Of course, all depends here 
on the restuctive meaning to be attached to terms like 
“ pure logic ” and “ reason ” Thought or reason can 
“ prove *’ nothing without a “ matter " or " content *' 
which experience only can supply Or, to put this quite 
bluntly and simply We must have lomethtng to think 
with, else oui thinking is empty and our terms are meaning¬ 
less We shall labour in vain to prove by pure logic to a 
person congenitally blind the difference between green 
and red, or to get him merely to understand what we mean 
by the terms “ green ” and “ red ” Lacking normal sight, 
the words “ green, “ ted " “ colour ’ are simply sounds 
to him But, gnen sight the terms have a meaning and 
can be used in intelligent and intelligible, leasomng 
we now have something to think with Mutottt mutandu, 
this is, it seems to me what Dr Mers is here saying about 
religion You cannot “ prove ” religion to a person who 
has not the kind of first-hand experience of or acquaintance 
with, religion which we call quite simply “ being 
ldigious ” In the absence of it the very term “ religion ” 
has hardly any meaning for such a one, unless the meaning 
be derived from, and restricted to what an observer can 
perceive of the outward words and bearing of religious 
people But that is certainly to miss the inner spirit 
B[ence, religion is not so much irrational, as that it can 
be reasoned about only by, and between, those who, being 
religious, know what they are talking about Thu U, I 
think, the real importance of Dr Men's emphasis on 
“ experience ’* as against (< purely logical " proof 

To sum up Dr Men's attitude towards thu whole 
problem of science and religion is, I believe, best described 
in the familiar words, fidet quaront tntsllectum “ faith 
seeking understanding,” or, more dearly still, "faith 
seeking to understand itself ” It is not that understanding 
mfist oOme first, and faith follow Faith comes first, 
standing secure on its own foundations, and the function of 
“ understanding,** or philosophy, u to raise thu immediate 
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and spontaneous security to the level of reflective, self* 
conscious assurance. I am unable, therefore, to agree with 
Dr. Jevons when, in his most interesting paper on “ A 
Synoptic Philosophy,he criticises Dr, Men for having 
treated the religious world-view merely as an hypothec* 
which requires intellectual justification and proof, and 
then goes on, rightly enough, to urge the profound differ¬ 
ence between the assurance of faith and the tentativeness of 
an hypothesis. There are, no doubt, passages, especially in 
the Hutory , which, whilst hardly going so far as to treat 
religious belief as an hypothesis, n^ay yet be read as making 
acceptance or rejection of religion wait upon the issue of 
a philosophical argument. But the Fragment , I submit, 
puts Dr. Men's real position beyond all doubt. Dr. Mers 
does not ask, “ Is religion possible? ” He asks: “ How 
is religion possible P” He accepts religion as a fact, and 
a necessary fact, and his concern is only to exhibit that 
necessity, to * l understand ” it, bv tracing it to its roots 
in human experience. We must always bear in mind that 
the audience to whom Dr, Mers addresses his argument is 
one ready to accept science as certain but inclined to treat 
religion as doubtful. Of his own life and thought, on the 
other hand, religion was undoubtedly the foundation. 
Hence, all hie philosophy is, at bottom, fide* quoerens 
intetteetum. 


III. 


In dealing wittf Dr. Men’s contribution to the recon¬ 
ciliation of religion and science we have, inevitably, 
touched already on some of the technical problems which 
are to form the topic of the second part of this review of 
his philosophical work. 

j I. There is, first of all, Dr. Men’s synoptic method, 
which \b the apprehension of wholes as wholes , in their 
total effect: a vue d f msemHe for which no scientific analysis, 


* flee the Ohmck QvatUrkr Mmkm, ro 1. Ixxxii., No. 164 (Jsfar, 1916b 
The fall title of the paper U “Sdenoe, Ethics and Art: A Synoptic Sfclfck* 
Sophy,” Dr. Jevoae hes <WH with Dr. lhn'i philosophical views also la 
fiSw setlole, vis* “The Psmuit of Beeson,"fathe Iff ill wf l MiVi 
STo. 496 (April, 1911), 
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followed by synthesis affoi ds an adequate substitute, which 
is akin to the artist s vision and which is the very essence 
of the philosopher s contemplation ot all time and all 
existence Ihe term synoptn in tact is borrowed 
from Plato and thus helps t> remind us that the method 
is as old almost as philosophy itself It is kindred to 
Aristotle & vovt to Spmo/a s acienita tniutitva to Kant’s 
reason which reaches out be von 1 the unending senes of 
phenomena towards the all inclusive whole It links Dr 
Meift too in spirit with Hegel Rather than describe tit 
inadequate words of my own whit s>nopsib means to Dr 
Merc I will quote one of many passages fiom his writings 
The real nature of a fat t is only levealed thiough a 
comprehensive glinie which gathers up all the single 
features and all the many instances which form ihe 
substance of manifold ai i ften icpeated experiences 
into a collective view which in some indescribable 
manner conveys to us sometl ing deeper and more 
responsive than any or all the single features added 
together In this way for instance the minute 

study of a work cf art may all cf a sudden brighten 
into a real undeistanding of it and admuation rise to 
rapture and enthusiasm so also the acquaintance with a 
fellow being may aftei frequent intercourse ripen into 
friendship and the pleasure of repeated meeting and 
conversation but at mto love We feel instinctively that 
the refined and spiritual expt riences do not belong to objerta 
or persons in their purely spatial existence but form a 
world foi tbemsehes in the same way as in the purelv 
intellectual region numbers mathematical formulas and 
logical conceptions form realities b\ themselves ' (Frag¬ 
ment pp 184 5) Synoptic power likewise seemed to him 
to distinguish the minds of men eminent as organisers in 
practical afhirs In practice as m theory synopsis brings 
order out of chaos precisely because it “ sees things 
together I find this expressed among the fragments of 
the ** New Philosophy which Dr Merr dictated during 
the last winter of his life Synoptic minds, he there sayl, 
" d$al with the whole and no* only with a restricted portion 

ia 
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of human experience. They do not, aa a rule, discover or 
invent new things, but they add to the existing experience 
of themselves and others a new feature. This new feature 
is Order, a process of extensive grouping. They take 
synoptic views, discarding the analytical and criticising 
method. Their aim is construction, arrangement, and 
control. They are struck by the fact that the contents of 
the human mind as given by nature are chaotic, as are 
likewise the unregulated occupations of practical life.”* 
It is, dearly, the synoptic quality of the artist's vision 
which led Dr. Men to affirm, again and again, that “ art 
stands in closer relation to Nature than science does,” that 
it comes “ nearer to the real essence of things, to the kernel 
of reality ” (cf. Frag., p. 224, and Rel. and Sci., p. 139). 

2. The most remarkable feature, however, of Dr. Men's 
use of the synoptic method is his identification of it with 
the mtrosnective and genetic methods of pychology.t The 
concept of “ primordial consciousness ” as a continuum of 
presentations is put forward by him as a lesult of synopsis 
on the twofold giound (a) that, in recognising the 
“ together ” or (* Stream ” of sensations, modern psycho¬ 
logy has abandoned Hume’s analytic method which, on 
the analogy of physical atoms, had broken up conscious¬ 
ness into a “ bundle ” of unrelated, atomic sensations, 
and (b) that it includes in the continuum emotional and 
volitional as well as sensational elements. He acclaims 
the Recovery of this primordial consciousness as “ one of 
the principal results of philosophical research ” (Rel. and 
Sci., p. 79), and in the Hutory he speaks of the introcpec- 
tive method as affording the most hopeful prospect of 
carrying out the unification of thought which is the task of 
philosophy (p. 773). This is explained later (pp. 78441) as 
meaning that, by using the introspective method genetically 
(as Locke and Hume had done) we can trace how each 
mind, beginning with the undifferentiated continuum of 
sensations and feelings, learns, largely with the help of 

* lor aa earlier statement of thU point, we Hit lory, rel, It., pp 7764, 

t Of. "TUe looking at whole* ia our mental attitude when we take the 
fatraqieetive view” (uUtery, toI. iv., p. 777). , 
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other minds (through language, imitation, etc.), to 
construct the “ outer World of Things/* and, subse¬ 
quently, “ through the co-operation and successive labours 
of the more highly gifted minds, the World of Values, of 
Truth, Beauty and Goodness.” 

I must frankly confess that the transitions of thought 
in Dr. Merz’s argument here have always proved to me 
somewhat baffling. I can understand the sense in which 
Dr. Mere contrasts Ward’s continuum of sensations, 
feelings, and strivings, as “ synoptic,” with Hume's meT6 
bundle of sensations and images, as “ analytic.” But, in 
other passages, Dr. Merz himself describes this primordial 
continuum as a “ chaos ”—he quotes and adopts William 
James’s famous description of it us “ one great, blooming, 
buzzing confusion ” (Hel. and Sci,, p. 63)—whereas 
synopsis reveals, or cieates, ordered, organized wholes. 
Thus, the transition is by no means clear, and, if we are 
not to say that Dr. Merz uses if synopsis ” here in different 
senses, we must at least say that the synoptic method is 
exceedingly many-sided, and that in different contexts Dr. 
Merz uses different sides of it. Certainly synopsis requires 
in one context the inclusion of all experiences in one 
view (as against abstracting selection); in another context 
it requires aliveness to ielutions and connections (as against 
dissection and separation); in a third, it finds, or makes, 
order and builds up wholes out of chaotic material; in a 
fourth, it is the flash of insight which reveals the single, 
total meaning of what was up to then a dead mass of 
details. Perhaps the combination of all these things, and 
more, in the single notion of synopsis is itself an instance 
of synopsis of the highest order. 

However this may be, Dr. Mens is right in the impor¬ 
tance which he ascribes, alike for psychology and for 
philosophy, to the concept of u primordial consciousness.” 
It is, I am sure, not merely fanciful to affirm a certain 
affinity between his thought and that of a contemporary 
who is justly acknowledged to be the greatest meta¬ 
physician among recent English thinkers. Mr. E. H. 
Bradley’s concept of “ immediate experience 99 is identical 
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with Dr. Mero’B concept of “ primordial consekraBneBS.’* 
For Mr. Bradley, as for Dr. Men, the undifferentiated 
“ Together ” of immediate experience is broken up by 
thought, with its “ ideal constructions ” of “ things,'* 
“self," “other," “body,” “soul," “outer" and 
“ inner " world, etc. Mr. Bradley's world of ideal 
constructions reposing upon the background of immediate 
experience is, thus, the analogon of Dr. Men's “ firma¬ 
ment of thought," with its definite objects standing out 
from an undifferentiated background. And when Mr. 
Bradley declares that the highest form of experience must 
combine the order and otganisation of thought with the 
immediate wholeness of feeling, he links the lowest and 
the highest levels of experience much as Dr. Men makes 
the span of synopsis cover the introspective awareness of 
the primordial continuum with the insight which enables 
artist and philosopher to grasp a whole as a whole “ at a 
glance." 

3. This parallel is the more remarkable because there 
is no evidence that pr. Men, though acquainted, of course, 
with Mr. Bradley^s writings, was dueitly influenced by 
them. More probably such likeness as there is must be 
traced to the influence of the psychology of their time 
upon both. In any case, it is certain that, beyond this 
general resemblance, Mr. Bradley and Dr. Men diverge 
widely in their method and views, and that Dr. Men 
looked to Locke and Hume, not to any contemporary, as 
his masters in method. 

The particular feature of Hume’s method whioh seemed 
to him valuable was the technique of tracing every abstract 
term back to its foundations in concrete experience. Take 
such philosophical terms as substance, cause, subject, 
object, self, not-self, matter, mind, etc.:—if they have 
any meaning, it must be in virtue of some actual element, 
or elements, in experience which they express. As Hume 
puis it: every “ idea " must have its original in soate 
“ impression" or else be meaningless. Dr. Mere 
generalises this method by asking:—What is it in onr 
experience that a given term means or expre ss es f To this 
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question, to he held, the answer ean be given only by going 
back to primordial consciousness as the starting-point, and 
then tracing, genetically, how with the development of that 
consciousness into awareness of, and response to, an articu¬ 
late world the meanings arise which these terms fix and 
express In this light, we can best understand the central 
position which he assigns to the concept of primordial 
consciousness (or “ firmament of thought ”) as well as to 
the genetic foim of the mtiospective method Of the 
primordial consciousness he bids us think as, initially, 
wholly undiffeientiated, as all “ on the same plane,” as 
it were It is a stieam of sensations, feelings, impulses 
in which, at the veiy fust no definite, self-identical objects 
stand out, no terms and lelations, no subject vertut object, 
uo matter vertut mind The initial plane of consciousness 
is, as we might say, “ neutral to these and all other 
distinctions Distinctions and, through them, order and 
organisation, come with the development of our minds 
as they accumulate experiences, until the mature mind 
lives on seveial planes of consciousness at once, or, as Dr 
Meis came to express it in the fragment, recognises 
different “ ordeis and ‘ degiees of reality 

There is no need to tiace Di Meis’s handling of this 
general type of argument into all its details It will 
suffice to illustrate it by its application to the origin of 

(а) the various meanings of ‘ reality ” and “ existence *, 

(б) the distinction between the “ innei ' and the “ outer " 
world, including the incidental distinction between mind 
and body, (r) the distinction between “ self ” and “ not- 
self ” 

One general observation must be made about all the 
arguments from which our illustrations are to be drawn 
As they stand m the pages of Dr Men's writings, they all 
unmistakably exhibit that fiagmentannee* and lack of 
finality the reasons for which have been indicated earlier 
in this paper The general drift of the argument is always 
dear, but there are a good many diffetrenoee, amounting 
occasionally to inconsistencies, between different paasagee, 
both in terminology and in doctrine Every one of out 



268 


three topics has been discussed in several, more or less 
widely scatteied, passages m Di. Mers's books, and when 
these passages are brought together, they frequently strike 
the reader as so many independent attempts to wrestle with 
their problems. Points mentioned in one passage are 
ignored in anothei 01 stated with diffeient emphasis and in 
different language. It is as if Dr. Merz, not having 
attained finality in his \iews, had nevei been able to express 
his whole mind on any of the three pioblems at any one 
time. Thus his whole mind has to be collected from all 
the passages together by a sympathetic and synoptic study. 
1 feel stue that this is the spmt m which Dr. Mens would 
himself have wished his arguments to be tieated. Hence, t 
shall not dwell on such discrepancies m detail as there may 
be, but try, as far as I can, to reconstruct his whole 
thought at its best. 

4. We begin, then, with (a) the various meanings of 
“ reality ” and “ existence.*’ 

The fundamental principle from which Dr. Mera starts 
is thus formulated in the Fragment (p, 39): — 

“ All knowledge, of whatever kind it may be, is 
contained for every individual person within the range of 
his own consciousness. The horizon of any person’s mind 
contains everything that exists so for as he is concerned. 
There is nothing in the world for any of us but that which 
we in some way or otbjBr mentally experience—-such 
experience being of various kinds, such as Sensations, 
Perceptions, Ideas, Emotions, Desires, Volitions or Feelings 
m general.” 

This doctrine, at the first blush, may seem simple and 
plausible, but it is neither simple nor plausible without the 
most careful interpretation. A Realist, for example, 
might urge that it commits Dr. Mens to Berkeley’s view 
that et»e eft percipi (to exist is to be experienced), and that, 
consequently, nothing exists except when and so long as it 
is “ contained within someone’s consciousness.” I do not 
think this is what Dr. Mens means, nor have I found any 
passage in his writings (though* there are some incautious 
phrases) which demands the Berkeleian, and excludes every 
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other, interpretation. I would urge that the emphasis in 
Dr. Mere’s doctrine falls on the words for me, for any of 
us. To say that if a thing is to “ exist for me ” it must 
appear within the horison of my consciousness, means 
merely that I camwt know of its existence, or that T 
have no evidence for its existence, unless it eo appeals. It 
does not mean, that the thing cannot exist without being 
perceived. In short, 1 read Dr. Mens as defining, not what 
existence consists in, but what evidence for existence 
consists, in In technical language, I treat hiB doctrine os 
epistemological, not as ontological. 

Further, a thing can be “ for me” or “ contained in 
my consciousness ” in more ways than one. I may, e*g, t 
either perceive it by my senses, in which case we are wont 
to say that the thing “itself ” is “present,” or I may 
think of it, as when I think of an event which is past and 
can no longer be perceived or of an event which is future 
and still remains to be perceived. Thus, we must distinguish 
between two soits of “transcendence.” There is trans¬ 
cendence of perception, vis., by thought, as when we 
think, and believe in the existence, of things not now 
perceived, and perhaps by their very nature not perceptible 
(f.g., the minds of others). And there is also transcendence 
of all experience, t.e., of both perception and thought. 
The foimer sort of transcendence Dr. Mere recognises and 
includes in his doctrine (cf. IteL cmd Set., pp 81, 2). 
The latter kind of transcendence is seif-contradictory, at 
least if it means that there are, t.e. f that we know there 
are, things which we have never perceived or thought of, 
of the existence of which we have no evidence whatever. 
It is, of course, quite a different matter, once we have 
had evidence of the existence of a thing, thereafter to think 
of it as one that exists even at times when we do not 
perceive or think of it. These points having been cleared 
up, we must next note that “ existence ” is ambiguous. 
Fundamentally, according to Dr. Mere, it means presence, 
or occurrence, as an experience within the total u firma¬ 
ment of thought.” In this most general sense, the objects 
of normal perception and thought and the objects of dreams. 
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illusions and hallucinations all alike “ exist ” or are real.* 
Theie is no distinction, &o far, between objects which are 
“ private ” and objects which are “ public/’ t.e., common 
to several observers, 02 between objects which are in an 
eminent sense “ real/' and objects which are “ unreal” 
and which exist, as we popularly say, “ only in our minds 99 
or tf only as ideas,” 

The ** real world,” par excellence , of oidinnry practical 
life and of science, as distinguished from the world of 
dream, fiction, make-lxdieve, insane delusion, etc., arises 
by a differentiation within the held of piimary existence 
which is coextensive with the field of primary conscious* 
ness. Thus, we have two “ orders/' 01 “ levels M of 
reality, of which the second is a development by selection 
of certain elements of the first. Dr. Merc sometimes also 
speaks of the second as an “ objectification ” (Rel. and 
Set., p. 26), or “ projection ” (Frag., p. 90), of a portion 
of the first, but these terms have highly misleading associa¬ 
tions. The two important things to remember are (a) 
that the secondary, or higher, reality—which we may also 
call the ** external 99 and even the “ physical 99 world— 
remains rooted in the “ primary 99 leality which remains 
always accessible to a synoptic view, undoing the abetrac* 
tion involved in thei selection; and ( b ) that all phrases like 
“ acquiring objectivity v merely mean that the objects of 
certain groups of experiences are treated by us as f< real/’ 
not merely in the sense of u existing for us/’ t,s. # of being 
perceived, but in a special further sense. 

This further sense is defined bv the criteria which we 
apply in making the distinction. In his earlier statements 
Dr. Mere dwells chiefly on the criterion of ” publicity ” 
(as we may call it).f An object which is real in this, 
eminent sense is one common, actually or potentially, to a 
multitude of percipients. If the perceptions of others 
corroborate mine, then the object I perceive is “ real ” in 

• Dr. Urn most oommoaly uses "being real" and "existing**ss 
synonymous terms. Kxistenoe m this fundamental sense has, of oo w s e , no 
negative. We oannot say of anything m oonsoiousaeee that it does net 
angli (Jpiifwsf. p. 00). 

t Tbs tm tmnot Dr. Men’*. Whrt li bora enXM » •'pubHo** obfMt 
t. dw wrt be d by Dr, Men m “oommon” to « plurality of oh.tr?.—. 
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this eminent sense. In the Fragment (p. 122) the list of 
criteria has grown to four: (1) publicity; (2) definiteness 
or individuality; (3) position m space;* (4) membership of 
an ordered universe. In the MSS. of the “ New Philo* 
sophy,” a somewhat different list of five oriteiia is given 
in the following order: (]) recurrence in experience, 
permitting recognition; (2) definiteness; (3) detachment; 
(4) publicity; (5) membership of on ordered system. Very 
obviously, Dr. Men’s thinking had not reached finality 
in this point. 

The theory, moreover, proliferates in various directions, 
tentative extensions of it occurring in several passages. 
Thus, in one passage the original two levels, or “ dimen¬ 
sions,” of leality glow into tour, by the addition of the 
world of abstract mathematical entities and natural laws, 
and of the world of artefacts, i.e., of things made for use 
or beauty ( Itei . and Set ., p. 140). Elsewhere, there is a 
sketch of an “ order ” of relations, viz., Distance, Older 
and Number (Fray., p. 123). Again, there is the world 
of values, truth, beauty, goodness and holiness, which Dr. 
Merc presents in one passage as but a special development 
of the inner world (Fray,, p. 133). Yet in another passage 
he places values as the third and highest foim of existence 
on the top of the two dimensions with which we are already 
familiar. I quote: “ Existence for us has three distinct 
phases: mere Existence as a mental experience, Reality, 
as a double or more pregnant form of existence, and Value 
as the highest form of existence ” (Frag., p. 66). The 
whole of chapter vi. of the Fragment, entitled " Of 
Reality in General,” is full of unfinished attempts or 
suggestions towards a theory of both '* degrees *' and 
11 orders ” of reality, in the course of which we read that 
” the most real thing of which we have any conception 
or immediate experience is a person ” (p. 108). It is te 
be greatly regretted that Dr. Merc had to leave his 
treatment of this very important, but also intrinsically 
very difficult, topic in a condition so fragmentary. My 

* But who* at tbs «p*oe» of drown -worlds sod fiction • worlds, «.f., tbe spam 
of Alisa’s Wonderland? 
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own belief ie that, in trying to thread his way through the 
mace, he followed the wrong clue in that he identified the 
distinction between inner (or mental) and outer (or 
physical) with the distinction between what exists (but may 
be unreal) and what is real, and, again, with the distinction 
between what is subjective and what is objective. Dr. 
Merc, on the whole, treats these three distinctions os co¬ 
incident, as merely differing in the terms by which they 
name the same two dimensions or orders of our experience. 
There is, I believe, more to be said for the view that these 
distinctions do not coincide, but belong to different contexts 
and are made on different grounds. The introspective and 
genetic approach to these problems which Dr. Mem adopts 
from psychology and handles with such skill, here proves 
misleading in spite of its initial promise. For it makes 
Dr. Merc charactetise the primary consciousness as 
" inner,” “ mental,” “ subjective,” before the distinctions 
between “ inner,” and “ outer,” etc., on which these terms 
depend for their very meaning, have arisen. Correlative 
terms, like these pairs, have meaning only in contrast with 
each other. If you take away the one, can you still signi¬ 
ficantly employ the otherP I venture to suggest that the 
kind of theory at which Dr. Merc really aimed, and which 
he sought to outline in his constructive writings, has been, 
and is still being, worked out, more systematically and 
substantially, in the Gegendandtthtorte of Meinong and 
the Phcenomenoloffie of Husserl. It is, at least, significant 
that both these thinkers, like Dr. Mem, were profoundly 
influenced at one stage of their studies by Hume, hut it is 
significant, too, that they both abandoned the psychological 
point of view and its terminology to which Dr. Mo* 
pinned his hopes. I feel sure that if Dr. Mem had become 
acquainted with the mature work of these thinkers, he 
would have recognised, in spite of the difference of methods, 
its kinship with his own endeavours. 

6. In the course of this discussion of Dr. Mas's treat¬ 
ment of “ existence ” and “ reality,” we have had to touch, 
in anticipation, on a good many points which are relevant, 
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too, for our next topic, vis., (ft) the distinction between 
“ psychical ” and “ physical,” or “ outer ” and " inner." 

We cannot do better than begin the discussion of this 
distinction by considering a paradox on which Dr. Men 
delighted to dwell. When we survey the panorama of the 
outer world, minds appear, here and there, as attached to 
living bodies, human and animal. They are, thus, sporadic 
and, when measured by the scale of cosmic space and time, 
insignificant phenomena. “ Early instruction in childhood 
has taught us to look upon ourselves, in< luding the whole 
ol our field of consciousness, os units among a great number 
of other peisons; upon the whole of the human race as one 
only among the innumerable specimens of animal creation; 
and upon the whole of this as a very small portion of 
terrestrial phenomena. Still further—our planet itself is 
only one in an innumerable c rowd of other worlds, in which 
it almost disappears through insignificance. The whole of 
this ib comprised in the still more oveiwhedming conception 
of immeasurable space which embraces, as it -weie, every¬ 
thing. This process goes more and moie to convince us 
of the unimportance of experiences which belong to each 
one of us as a private possession, and forces us to assume 
that those uniformities which have been discovered in the 
all-embracing Universe of space, so fai as it is accessible to 
our observation, must be the primordial and highest laws 
of Existence. We have thus two distinct worlds or orders 
of existence to deal with. The fimt is the entire stream of 
consciousness or the changing firmament of the soul: it 
contains, as a very small portion only, those elementary 
sensations of sight, touch, and sound, out of which 
common-sense builds up the external world, and soience, 
with a still greater restriction of fundamental data, its 
edifice of methodical thought, its picture or model of the 
universe. We have, secondly, this external world in which 
our own person, including our entire stream of thought, 
appears as a mere epeck. And it depends upon the position 
we take up whether the first or second of these existences 
impresses us as possessed of the fuller amount of reality. 
Each contains the other within its circumference, and is 
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itself contained in the circumference of the other. M * There 
are, thus, two contrasting points of view. From the one, 
minds are insignificant incidents on one of the meanest of 
the planets. From the other, all nature, from the farthest 
star to the nearest stone, is but an object selected by 
abstraction from amidst the continuous stream of 
experiences which is, for each of us, mind. 

The link between these two points of view is, for each 
of us, liis body . It is one of the earliest objects to be 
singled out from the stream of consciousness and to acquire 
“ reality 99 as a member of the outer world, an item in the 
spatial system of physical nature. On the other hand, 
as a '* cluster of sensations,” it forms a permanent, and 
more or 1 eos prominent, ingredient in the stream of oon» 
sciousness. In Dr. Mens’s own woidB:—” We see ourselves 
as it were from two sides, first, us the totality of our 
present and remembered experience; and, secondly, as a 
definite assemblage of vivid sensations, which occupy only 
a very small portion of the whole field embraced in the 
first view. Our Self is thus compounded of two selves, an 
inner and an outer self. The first is the firmament of our 
thought; the second is our body. In contrast to the latter 
we call the former our Mind, and both together our 
Personality 99 (Fragment , p. 69). 

Let not this language about “ being compounded of 
two selves,” or about mind and body “ together 99 being 
our personality, be misunderstood. It does not mean what 
is ordinarily understood by saying that man is made up of 
a mind and a body somehow conjoined. The ordinary view 
implies that mind and body are distinct and separable 
things: indeed, death is thought to be precisely their 
separation, the breaking of fhe bond that holds them 

* J Uhgion and Skttnee, pp. 100-7. Mr. T. Whittaker has drawn my 
attention to a otunous parallel to the above argument in Sir Henry Taylor's 
PUtfp tan ArUvtld*. Philip is relating the experiences of his phuoeophloal 

“Last oame the tronbleeome question, What am IT 
A blade, a seedling of this growth of life 
Wherewith the outside of the earth is oover'd; 

A comprehensive atom, all the world 
In act of thought embracing! in the world 
A grain soam filling a partmkr plaoe." 
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together in this earthly life. It is implied, further, that 
each can exist after this dissolution of their union, or, at 
any rate, that the soul can: indeed, the continued existence 
of the soul (which, surely, is nothing other than what Dr. 
Men calls “ mind ”) after its separation from the body 
ib precisely what is ordinarily called “ immortality ” or 
“ life after death.” To this popular conception Dr. Men's 
view obviously lends no support. It must, indeed, lie 
admitted that he nowhere in his published writings discusses 
death and the belief in immortality, and thus we can only 
conjecture how he would have applied his theories in this 
field. That he disbelieved in immortality, we have no 
reason to suppose: in truth, such a supposition would ill 
fit his profoundly religions nature. But it is obvious, at 
any rate, that his declared theoiy of what mind and body 
are must have carried with it a conception of immortality 
widely different from the popular one. How, for example, 
should we have to interpret, on his viewj the separation of 
mind and body at death P It can mean only the disap¬ 
pearance from the total consciousness of the special 
” assemblage of vivid sensations ” called the body, but 
Dr. Mers's silence gives us no help in speculating upon 
the consequences of the elimination of so central a con- 
fete!lotion, as it were, from the “ firmament of thought.” 
It must, one would think, carry with it n profound 
alteration, if not a diminution, of the whole personality, 
and thus raise awkward questions of continued identity. 
However, it is vain to pursue these guesses, fascinating as 
they are. We must accept the fact that Dr. Mers's interest 
in the concepts of mind and body takes a different direction. 
He keeps strictly within the scope of introspective 
psychology, from which the problems of death, and of the 
continuance of mind after death, are inevitably excluded. 
For, how can introspection possibly deal with death? It 
pres u ppo s es life and, indeed, self-copscions life. Even if 
death be an experience, an event in the flow of conscious¬ 
ness, tather than the final cessation, or the temporary 
interruption, of that flow, still it ruptures communication' 
with thoee surviving ** in the flesh,” Thus, even assn using 
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continuity of consciousness and introspection through and 
beyond death, no report of such an experience oould be 
made available for the purpose of surviving psychologists.* 
Psychology, os a science, limits itself to the study of 
embodied mind by embodied mind. This limitation Db< 
Men, clearly, assumes and accepts. And, thus, speaking of 
mind and body as we experience them in tlua life and in 
this world, he denies, m the technical language of 
philosophy, that either body 01 mind are “ substances.'* 
Consequently, he regards the time-honoured problem of the 
“ relation ” of body and mind—especially when conceived 
as a relation between mind as a “ spiritual ” substance 
(a res cogitant) and body as a “ material ” substance (a 
res externa) —as utterly misconceived. In this he is, 
clearly, consistent with his whole position. If by “ mind ** 
we mean the “ changing firmament of thought ” and by 
“ body ” a certain vivid constellation within that firma¬ 
ment, the term “substance” is inapplicable to either. 
On this point. Dr. Mer* agrees with Hume:—“ Neither 
in the shape of external matter, nor of a substantial mind, 
has the idea of substance any meaning or justification ’* 
(Fragment, p. 80). And instead of the problem of the 
relation of body and mind, we have only the problem of 
the relation between the introspective, or synoptic, point 
of view through which we become aware of “ the totality 
of our conscious flow of thought or firmament of inner 
sight ” (ibid. , p. 80), and the external point of view 
through which our attention is focussed on the selected 
system of sensations which stands within the conscious flow 
for the common outer world, and of which, the body ie a 
member. The latter point of view grows out of the former, 
and tends to absorb ns in practical life. But for philo¬ 
sophical synopsis it is all-important to reverse this tendency 
and, by practising the introspective method, to realise the 
totality of which the outer world is but an abstract 
selection. 

* There is no evkUooe that Dr. Hen ever drew either Pevohioal Hieee r oh 
dr Spiritualism into the eoope of hie refleotione, or that he paid say attention 
toigeraporte from beyond the grave whioh era alleged to oomo to us thmmgh 
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There is, however, a further aspect of the mind-body 
problem which is forced upon, us when we reflect upon all 
that is involved for each of us in his perception of other 
persons. With this aspect we must now deal, if our account 
of Dr, Merc’s position is to be adequate. We know already 
that, according* to his view, the child, beginning at the 
level of an undifferentiated flow of experiences, advances to 
the recognition of n “real ” world (distinguished from, 
though appearing in, the flow of its experiences) by means of 
the perception of other persons and of its own body. But, 
what exactly do we peiceive of other persons? Nothing, so 
it would seem, but their bodies. Our minds aie, as such, 
private for each of us and not directly accessible to another’s 
observation. This is, at. Dr. Merc admits, the view both 
of popular thought and of natural science (Fragment, 
p. 92), It is, too, the view which he adopts himself. 
“ Of other persona, we observe and know clearly only what 
thoir bodies show: although we are firmly convinced that 
these bodies represent or reveal an inner life, a flow 
of thought, similar to our own, we know of this only 
through inference from and analogy with our own inner 
experience 99 (tbtd. 9 p. 86). It is not altogether consistent 
Math this that, a few pages later (p. 94), Dr. Merc throws 
out the fascinating, if undeveloped, suggestion of a “ direct 
intercourse between the inner worlds 99 and declares that 
such “ truly intersubjertive or spiritual communion 
becomes more plausible if we abandon as unlikely the idea 
that the minds of individual persons are located and 
confined within their bodily framework, and are limited 
to communications through it.” However, what does it 
matter if there is an inconsistency hereP Such inconsis¬ 
tencies are, as we have reminded ourselves at the outset, 
to be expected in the statement of philoeophical views 
which bad, confessedly, to be left incomplete and 
fragmentary. We should, in the circumstances, rather 
admire Dr, Men for the open-mindedness with which he 
accepts and emphasises a line of thought at variance with 
other positions already adopted by himself. Not to commit 
oneself irrevocably to a view which is, perhaps, narrow 
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and inadequate, and then to be blind to anything which 
might contradict that view, but to be always on the Watch 
for fresh considerations and ready to receive and incor¬ 
porate them—this, surely, is the ttuly synoptic temper. 
Hence, it would be absurd if we were to emphasise the 
inconsistency and, over it, forget to consider whether the 
suggestion here thrown out by Dr. Men is not, perhapsj 
of the utmost value. To me, at any rate, it seems to be 
most important, and I cannot but think that Dr. Mere 
himself would have found the means of carrying it further, 
had he been acquainted with the later work of Meinong 
and Husserl. For, the line of thought which leads Dr. Men 
to his suggestion of a direct intercourse of mind with mind 
starts from the part which “ imitation ” plays in the 
development of the child’s mind, and, more particularly, 
from the way in which we understand the speech and the 
expressive gestures of others. If communication by 
language enriches and develops a mind, it is not because 
that mind infers, by annlogy, that the use of such-and- 
such words must signify that the other has such-and-such 
thoughts, or beliefs, but because, understanding the words, 
it adopts their meaning as part of what it thinks and 
believes itself. 

Seeing that Dr. Mere has given us little more than a 
hint, it will help us to appreciate the importance of the 
point if we develop it for ourselves. Let us begin With 
speech. Speech is a kind of bodily behaviour, perceptible 
by others. We hear the sounds made, we see the movements 
of the lips and throat. So far, then, speech fits into the 
formula that the body is perceptible the mind 

is not. Indeed, we may ignore the faqtf'tSat there is any 
< mind involved. We may listen to the sounds as mere 
sounds, or watch the movements of the speech-organs as 
mere movements, just as we may listen to the rustling of 
leaves or watch them twinkle in a breete. But speech is 
sot mere sound: it is expressive sound. It is sound which 
reveals, conjeys, communicates—what P In answer, *e 
must distinguish. The sounds express (aiudrOthm) the 
speaker** mental processes, and they mean ( mt k m , 
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mutagen ) a certain object or matter-of-fact.* When A 
remarks to B that “ 2 + 2 = 4 ’’ or that “ Lloyd George has- 
resigned,” B may, if he chooses, infer from the words 
that A is so thinking and judging, t.e., that these thought- 
processes are going on in A's mind. That would be an 
’ inference, by analogy, from perceptible behaviour to 
imperceptible thought; and often enough, in practical life, 
it is important that we should draw just such inferences 
from the utterances of others to the thoughts, beliefs, 
etc., which ore their minds. But much more commonly 
when we hear the words, our own attention will he fastened 
not on the fact that the speaker thinks what he says, but 
on the meaning and the truth of what he says. We, in 
short, understand the words and accept, reject, doubt, etc., 
what they mean, without giving any thought whatever to 
the speaker’s mental processes. Indeed, when a child 
learns to speak by imitating the speech of its elders, the 
marvel, as Dr. Meis points out (l.r., p. 93), ib how the 
imitative acquisition of a word brings with it some grasp 
of the meaning of the word, without any awareness, on 
the child’s part, of either its own or the speaker’s mental 
processes. This would seem to be at least part of whit 
Dr. Mens is thinking of when he speaks of a “ direot inter¬ 
course between inner worlds.” The speaker’s attention ’s 
concentrated on what he is thinking and saying, not on the 
fact of his thinking as a process in his mind; and, similarly 
the hearer is occupied with the meaning of the words he 
hears and, once again, not with either the speaker’s or bis 
own mental processes. The inner world* meet, so to «ay, 
through their oontent: communication of mind with mind 
means that one mind, by words or other signs, stimulates 
another mind to peroeive, think, etc., the same objects,, 
propositions, etc., which it perceives and thinks itself. 
Though perceptible signs and perceptible bodily behaviour 

* Strictly, this statement U too simple. It fits only s s se rt ery sentences 
which state'' judgments.'' It would have to he qualified far sentences convey- 
mg wishes, commends, eta. But these refinements era not neosssur for ear 
present purpose. Of. toy neper, A PUa for a Phenomenology of Meaning, 
m ProoeeUngeofike Arietctelion 8ooietg, vol. xxi, 1990-21, SM the literature 
then diseased. 

It 
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are involved, it is difficult to maintain that the hearer's 
understanding of the words involves an inference by analogy 
to the speaker’s mind. In that sense, therefore, the inter¬ 
course is “ direct.” 

The argument may be pushed further still. Consider 
the original recognition of persons. The child, surely, feels 
and responds to the mother’s love without first going 
through a process of analogical reasoning to the effect tliat 
such-and-such smiles, gestures, behaviour must mean 
feelings of affection and joy in the mother, because similar 
smiles, etc., on the child’s own pait would mean feelings 
of affection, in himself. The very suggestion is aheurd. 
The theory of Einftlhlung (“ empathy ”), especially in the 
form which Professor S. Alexander has given to it,* appears 
to supply a more fitting annlysis of this kind of intercourse, 
which, once more, would clearly be an example of “ direct 
intercourse ” in Dr. Men’s sense, except that in this case 
the communication is one of feelings, not of facts to be 
believed. 

In fact, the omission of an explicit theory of the way 
in which mind expresses itself through body and bodily 
signs constitutes a genuine lacuna in Dr. Men’s argument, 
which in certain passages almost cries out for completion 
by just such a theory. There are passages in which Dr. 
Men seems to stand on the very threshold of a theory of 
expression, and leaves us wondering why he did not take 
the one step more which is needed to give unity to his 
whole argument. Thus, in Religion and Science, we read 
that the body, or physical self, “ forms a kind of link 
between what we ordinarily consider to be entirely outside 
or entirely inside ” (p. 130). The Fragment^ more explicit 
still:—” From our point of view the body is only, and at 
best, a point or region of reference, where, in some way 
which we cannot picture to ourselves, the two worlds meet: 
a point of transition through which the inner self 
communicates with the outer, and vice versa. All analogies 
taken eijther from the inner firmament to explain the outer, 

* See Mind, NJ3., Vol. xxii. (1918), No. 80, pp. 14#., “OoUMtiv* 
WiUtuand Troth,” rr 
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or from the outer world to explain the inner, are palpably 
wholly useless ”* (p 92) It is, surely, not far-fetohed to 
see in phrases like “ link,” ‘ point of reference,” “ tran¬ 
sition,” “ communication of inner with outer,” a tentative 
groping towards what we have called “ expression ” For, 
it is to be observed that, from the strictly introspective 
point of view, all these phrases are quite meaningless 
Introapectively, the body is foi Dr Mere nothing bat a 
markedly persistent cluster ot sensations m the stream of 
oonsoionsness Thus conceived, it is neither a “ link,” nor 
a medium of ‘ communication ” Moreover, if we apply the 
analogical argument on such an introspective bans, what 
will be the inevitable resultP Nothing but this, that each 
of us must conceive the minds and bodies of others as intro¬ 
spection teaches him to conceive his own In other words, I 
must conceive another’s mind, the existence of which I infer, 
as another stream of consciousness m which the other’s body 
forms a persistent cluster of sensations, just as my body 
does in the stream of consciousness which is my mind 
But, the fatal difficulty in this account, as it stands, is 
precisely this, that the introspective concept of my mind 
as a stream of consciousness and of my body as a group 
of sensations in th it stream supplies no bam at all for the 
analogical inference fiom anothei body to another mind. 
It is only in so far as I recognise my body as expressing 
my mind thnt I can try to interpret the bodily behaviour 
of another as expieasing the mind of that other Thus, as 
we urged above, the concept of expression is required to 
bndge the gap between the mtrospet tive point of view and 
the analogical inference to the existence of other minds 
The coherence of the theory demands such a development, 
and Dr Men’s own tentative phrases indicate that he was 
conscious of the gap and sought to fill it 

And, lastly, in yet another direction would such a 
supplementation complete the coherence of Dr Men’* 
views We have already noted, at an earlier point in this 
paper, Dr Men’s emphasis on the creativeness of mind, 
and his endorsement of Wundt’s concept of the “ growth 

• Ths ttallss (except for vies earae) in these two quotations aw mtas 



of mental energy ” and of Fouillee’s concept of uttti- force* 
(of., also, Fragment , pp. 46-9). In so far as this creative- 
neee uses physical objects and forces for the realisation of 
values—not leaving objects as it find* them, but remoulding 
them neaier to the heart’b desire; and, again, in so far as 
this transformation is effected by the use of our bodies, 
as physical instruments brought to bear on a physical 
world, once more some such concept as “ expression ” 
seems requited if this cieataveness is to be made compatible 
with the introspective theory of the relation of body and 
mind. I believe that Dr. Mens, had he lived to think 
out his position fully, would have developed it himself in 
fast such a direction. 

6. After all that we have said on the preceding two 
topics, we can afford to be short on the third topic, vtz ., 
(e) Dr. Men’s treatment of the distinction between “ self 99 
and “ not-self.” For, the ground covered by the argument 
bearing on this distinction is almost wholly identical with 
the ground covered under the previous two heads. 

Briefly, we may say that, for Dr. Mens, the term " self ” 
has two meanings, an introspective and a social one. These 
two meanings—or the two contexts in which these two 
meanings aie used—are not unconnected, but it is important 
to distinguish them because, whilst the one is fundamental 
and the other is derivative, yet in the course of experience 
the derivative menning comes first, wheicas the funda¬ 
mental one is recognised only as the result of prolonged 
practice in introspection. The child learns to distinguish 
other persons long before it learns to recognise itself and 
to refer to itself by the personal pronoun u I." And it 
learns to recognise itself as a body among other similar 
bodies long before it is capable of the feat of introspection 
which reveals its own body and all other bodies as complexes 
of sensations in the firmament of thought. It is then, and 
then only, that by an act of synoptic introspection the self 
in its fundamental sense, aa one with the whole stream of 
ooneoiousness, is apprehended. Thenceforth, "the word 
Self acquiree and retains two different meaning*: the first 
being that small portion of the external world which, is 
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composed by oar own physical frame; the second being 1 
that original, all-comprehensive stieam of consciousness or 
firmament of the soul which contains all external as well 
as all internal experience* ’' (Bel. and Sci., p. 42). Dr. 
Mers claims boldly that “ the language of commonsense 
shows dearly that our self is identical with that whole of 
experience which constitutes at any moment our inner 
firmament ” (Fragment 9 p. 56). His chief evidence from 
oommonsense language is the phrase “to lose one’s self, 0 
when used to describe the extreme opposite of introspective 
self-awareness. A person completely absorbed in the 
experience oi a sense-object, e.g., one who is “ all eye and 
ear ” at a play, has “ lost himself ” in that his mind is 
contracted to the dimensions of his experience of the 
exciting object, and becomes utterly forgetful of past or 
future, utterly unaware of the whole background of 
expei iences which is nonetheless there all the time. But, 
normally, we are always more or less clearly aware of the 
contrast between any object which stands out, holding our 
attention, and the dimmer background; and when we want 
to mark the contrast, we oppose the outstanding object as 
“ notnself ” to the background as “self.” Still, funda¬ 
mentally, tkh is but a differentiation (as we saw before) 
within the one, single stream of our consciousness which, 
as a whole, u the self. Hence, there is no distinction 
between “experience” and the self which “has” the 
experience—the i( exponent,” as we might say. On the 
contrary. Dr. Mera explicitly affirms the identity of 
“ experient u and “ experience,” and expresses it in the 
formula: “ Experient=Experience ” ( Fragment , p. 57). 
“ As often as we regard our experience as a whole, and any 
momentary experience as a portion of this whole, we take 
the synoptic view and call it our Self or Ego ” (&uZ.)< 
If such language as this about the “ self ” should seem 
paradoxical, we must remember, as Dr..Mere points out 
more than once, that the terms and the grammar of ordinary 
language are much better adapted to express our experiences 
of sensible objects and of their relations! to each 1 other than 
the findings of introspection and synopsis. With Bergson* 
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he might have said that language waa shaped under the 
pressure of practical and, later, of scientific interests, and 
thus is ill-adapted to express the insight of an attitude an 
unusual, and so difficult to maintain, as that of intro¬ 
spection. The very words by which we describe intellectual 
"processes, t.g., to “ comprehend,” to “ understand,” betray 
their origin in our deilings with physical and spatial farts. 
On the other hand, we feel that we are using language again 
in its ordinary sense when we give to the term “ self ” 
its derivative, social meaning. Our context, then, is a 
social one: each of us is a self among other selves to whom 
he stands in a variety of relations. Each of us is a person 
in a society of persons who aie individually distinct from 
each other by reason of their separate bodies. But, of this 
sense of " self ” Dr. Men says little, nor is there any need 
for ns to enlarge upon it, seeing that further discussion 
would only lead us back over the ground already covered 
in the preceding section. 

We may, however, conclude this brief review of Dr. 
Men’s treatment of the problem of “ self ” with two 
comments. 

The first is this. So long as Dr. Men was pre^ocoupied 
with the History of European Thought tn the XIXth Cent., 
he had but little time to follow closely the new philosophical 
movements which have marked the opening years of the 
present century. And later, when after 1914 he began to 
put his own philosophical conclusions into shape, he found 
himself hampered increasingly by failing eyesight. In his 
last yean, he was wholly dependent on the devoted help of 
Mn. Men, supplemented by the occasional services of a 
reader. Thus out off from free and constant aocees to tike 
literature, he was unable to familiarise himself with that 
form of the “ neo-realistic ” movement which has been 
developed in this country and which is especially identidsd 
with the names of Professor 8. Alexander, Dr. G. S. 
Moore, Mr. Bertrand Bussell, Professor John Laird and 
other*. These realists agree *fith Dr. Men in employing 
the introspective method, and in identifying “ self *’ and 
“ yet their use of introspection leads them to r sij alt s 



very different from those of Dr Men, and consequently 
they gi\e to “ self ” and “ mind ” a very different meaning 
So far from identifying ‘ exponent ” and “ experience," 
they insist on an analysis of experience into a mental act 
(of perceiving, thinking, etc), on the one side, and an 
object on the other The exponent (mind, 6elf) is the act, 
or, taking a wider view, a group or “ tissue ” of such acts 
His strict and sharp distinction of act and object being of 
the very essence of the realistic position, it becomes, of 
course, impossible to construe objects like the body and 
the rest of the external world as elements within the self 
or mind The neo-realistu handling of the introspective 
method is, thus completely opposed to that of Dr Men 
It would have been supremely interesting if we could have 
had from him a critical examination of neo iealism, and 
a vindication of his own position against the realistic 
alternative In such a vindication Di Mors might have 
called powerful witnesses to his aid For hie identification 
of exponent and expenenee may be paralleled from the 
wntmgs of so distinguished a philosopher 11 F H Bradley 
and of so eminent a psychologist as William James 

The second comment is that clearly Dr Men’s account 
of the self has been left m too fragmentary a state to enable 
us to do more than guess at the answers which he might 
have given to a number of important questions that come 
inevitably to one’s mind in trying to think out his position 
Among these questions the most important, both for 
technical philosophy and for hum in interest is that of 
the relation of God to man We may note as only a minor 
difficulty the fact that the account which Dr Men gives 
of human personality as having two aspects an inner and 
on outer, ran hardly he transferable literally to the 
personality of God But a more serious problem is how we 
ire to conceive the selfhood of God, as a person, in relation 
to the selves of human persons Dr Merr gives us a plurality 
of human selves individual, distinct streams of conscious¬ 
ness or firmaments of thought Human analogies, no doubt, 
are very inadequate for conceiving God, hut, at least, we 
cannot think of God as lm than such a " firmauient of 



thought.” But how, then, ore the JKvine mind and human 
minds related? We f^an hardly think of them ae utterly 
self-contained and related merely by “ pre-established 
harmony,” like Leibniz’* -f windowless ” monads. Dr. 
Mere’s own account of our sense oi the “ pressure of the 
All ” foibids such an hypothesis. But, on the other hand, 
he clearly had no sympathy with any one of the variottB 
theoiies—from the “ uoild-soul ” of the Stoics to Spinosa’s 
all-inclusive “ substance,” from Schopenhauer’s cosmic 
11 will ” to the Haw vital of Bergson—which make our 
individual minds merely pulses, as it were, of the universal 
life, emanations of the universal spirit. His position, we 
must assume, wa*> intermediate between the extreme 
pluralism of Jjeibniz and the extieme monism of most 
philosophical mystirs. But whnt exactly it was, we 
cannot tell. Nay, there are good grounds for thinking 
that Dr. Merz took very little interest in this time- 
honomed problem of “ the One and the Many,”* and 
that he had, in fact, not thought out any answer to it at 
all. Perhaps he would have mqged that the problem 
is unanswerable with our limited knowledge. And it 
must be admitted, in fairness, that it is not a problem 
lying in the straight line of the enquiries into which 
Dr. Mem was led by his introspective method. But, 
if we are to push our feynoptic endeavour to the bitter end, 
is it a problem we can avqid facing? It is at least signi¬ 
ficant that the problem has persisted down the ages and 
presented itself afresh to successive generations of thinkers 
differing widely in outlook and method. Tn our own day it 
has been debated by four of our foremost contemporary 
thinkers (B. Bosanquet, A. 8. Pringie-Pattinson, G. F. 
Stout, TOfiount Haldane) under the technical title “ Do 
Finite Individuals Possess a Substantive or an Adjectival 
Mode of Being”? in a symposium of the Aristotelian 
Society, t 

* 

* Mr. T Whittaker, who*© long and intimate knowledge of Dr. Meet 1 * 
phitanphioal thought entitloa him to speak with authority on mush a point 
ae (hie, confirm* this euggeetion 

f 6ee /Voeeediatf*, VoL mil. (1917-18), and the volume* Ljfaamd 
InditidmUty, edited for the Sooiety by Pro fe eeo r H. Wilde* Qwr. 
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IV 

Dr Men a philosophical work does not lend itself 
to being labelled and classified He r&rfked himself with no 
school he followed no fashionable isms If we approach 
him with our ready made tags and try to pigeon hole him 
as an idealist or a realist a metaphysician or an epiate- 
mologist we have to retire baffled He does not fit neatly 
into any section of our tidy classifications of philosophical 
Systems But this very fact is a tribute to his independence* 
of mind In all his thinking he sought only to find the 
truth and to express it as he found it /wears tn t erba 
magutn was as foreign to bis nature as was wilful striving 
after paradox and the cheap originality which is only 
eccentricity Masters indeed he acknowledged but what 
he learned from them he made his own and where he found 
them wanting he did not hesitate to supplement and to 
correct First and last he stood on his own feet drawing 
lus very strength as a thinker from the selfless humility 
which waits upon the truth to reveal itself to a mind kept 
always wide open to all the lessons of many sided 
experience 

Then sight ot that which to the soul is sight 
As by a lightning flash will come to thee ” 

These lines from the Dream of Oeronttus which he 
prefixed as one of two mottos to Rehgum and Setenee 
express the spirit of his work as much as the Platonic 
o pb> yap crworr ait 8 aXtarutot i it pi) «5 which strikes the 
key note of the Hutory Withal he was a lonely thinker, 
cut off by the claims of business and industry from regular 
contact with the academic fraternities of philosophers 
among whom otherwise he might have looked for and 
found oompamonship and the encouragement of friendly 
cnticiap He is the more to be honoured and admnud ft* 
the work which single handed he achieved * 

Comparing Dr Men with his contemporaries among 
philosophers it u easy to see that the bait at his mtyrd 

* In thlsoooneoilao however the scholarly and oeeapriwM hetp vh Wj Ml 
T WUttther mm Dr Men m seem* the vohunee of Um EMcry eel Ms 
l*ter writing! thros*h the press deeervee to he gntrfally iwieeniwMefti 
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wue not metaphysical But neither was he interested in 
the technicalities which delight experts in the theory of 
knowledge If we say that he was chiefly interested m 
the Philosophy of the Human Mind, we shall get nearest 
to th$ truth Moreover! this term has the merit of 
reminding us of the debt which Dr Meis owed, on the one 
hand, to Lotse’s Mtbrohommu ,* and, on the other, to the 
British School of Philosophy f With the latter school, 
he refused to discriminate between psychology and 
philosophy Adopting from it the combination of intro¬ 
spective and genetic methods he adopted also the principle 
that the study of the way m which concepts are formed 
and beliefs come to be adopted, at the *ame time throws 
light on their validity and justification But, it is to be 
noted that he applies this principle with much more confi¬ 
dence in the truth of our concepts and beliefs than is 
characteristic of his English foierunners He does not 
repeat Locke’s critical proposal ‘ to examine our own 
abilities, and see what objects our understandings are or 
are not fitted to deal with * Still less does he let the 
argument lead him to Hume’s sceptical conclusions No, 
in his confidence in the human mind, * e , in the essential 
trustworthiness of human thought, he is the true child of 
the Kantian and Post Kantian philosophy When he 
accepts religion as a fact and merely asks, “ How is religion 
possible P ” we tfsrtt clearly understand that he accepts 
religion as “ spiritual hn&wlcdgc/’ % e , he accepts the 
religious view of the world as substantially true He 
follows Hume’s method of tracing every “ idea ” to ftp 
4t impression ” which is its (( original ” in the modified 
form of tracing our scientific and religions systems of 
thought to their basis m primitive consciousness But he 

* Thu work, rather than Lotse • Metapknetk mfltmtosd Dr Hen's own 
philosophical programme (Of fragment* p he ) 

t Of 8uoh aenteneee m thee* from the 4 'introduction 'to Home wTrmkm 
<m Hwman Notwr* 1 * 'Tuendent, that all the eoienoce hare a relations gree t * 
os less, to human nature Bren Jfoltonsfeet, Natural FMSmhh 

and Natmat JMtgton* are in some meant* depandent on the Science of XAJt 
la pretending th er ef ore to explain the principles of human nature, 
we in effect propose a oompleat system of the eomaoee, buH on a f o ne de tt qe 
almost entirely now, and the only one upon which they osn stand with **9 
m es rtty M 
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oorce ot a Huba’i analytio habit of mind by pointing to the 
mt*mhU of esperieuces and tha need of synopsis, and he 
aorreete Homo’s soeptioal conclusion that our beliefs an 
psychologically necessary bat not rationally justifiable, by 
the essentially Kantian and Post-Kantian confidence that 
science and religion are rational, for all that they are also 
psychological “ growths ” in the homan mind. And to call 
them “ rational ” and “ knowledge ” is, 1 repeat, to accept 
them as trustworthy, as revealing the reel nature of 
the world we live in. The truth of science, as we have 
seen, is for Dr. Mere relative, being subject to the quali¬ 
fication that science is “abstract.” The truth of religion 
is for him, clearly, absolute. Or, at least, if it is subject 
to qualifications, these qualifications spring, not from 
abstraction, but from the inherent finiteness of the human 
mind. At any rote, religion is not an illusion; it is not 
even, as some would have it, a wholesome, life-preserving 
illusion: something which, though false, is good for man 
to believe. No, for Dr. Mens, religion reveals the funda¬ 
mental nature of reality as completely as our minds can 
grasp it. 

In other words, the foundations of Dr. Merz’s non- 
soeptical estimate of human thought are ethical and 
religious. In this he is the disciple rather of Kant and 
Lotse than of Lockes and Hume. Here can be little doubt 
that if Dr. Men had developed more fully that non- 
introspeotive strain in his thought which leads him to 
dwell on the human mind as creative, as the source of all 
values in the world, as expressing itself in all the achieve 
meats of civilisation, he would have been compelled to 
emphasise the ethical and religious foundations of hi» 
confidence much more explicitly than he actually does in 
his published writings. As it is, we are conscious of a 
certain gap between the conclusions yielded by his philo¬ 
sophical enquiries and the convictions which both sustained 
his practical life and, as it were, beckoned to him ftom 
afar on hie philoeophioal pilgrimage. Perhaps the full 
spirit of the man and the thinker appears nowhere better 
than in the olocing sentences of hie course of lectures on 
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,f the Study of Mental Philosophy,” delivered to the ' 
Literary and Philosophical Society, at Newcastle, in 1882. 
Taken down, at the time, by one of his hearers, they ran 
as follows:—” To feel enthusiasm for the great, but to be 
faithiul in the little—in this is the enjoyment of seeing 
and realising the living personal Spirit of Qod, in a world 
of personal spirits which He has created. The view of 
this world, thiH Universe, is wonderful, true poetry, but 
we must not take the name of this wonder recklessly, but 
faithfull> and diligently cultivate the smaller sciences— 
and in time Philosophy will lead us to the possesion of 
the Promised Land.” 

Did he reach the promised land of his philosophical 
hopes? In one sense he always possessed it. In another 
sense, he was always reaching out for it. His life, though 
long and full of work, yet proved too short for the task 
which he had set himself. There is a saying of Sir Thomas 
More’s which I found copied out among Dr.'Mers’s papers. 

It may have heartened him in some moment of discourage¬ 
ment at having to leave his work unfinished, and so he 
noted it down:—“ Better it were insufficiently done than 
utterly undone ” This, surely, says all that need be 
said, when the work of a man who has given of his best 
is hampered by blindness and cut short by death. But, 
when that work is the work of a philosophical thinker, 
there is yet a further consideration which we may fitly give 
in Dr. Mere’s own words. “ The ultimate reality is not 
to be reached by thought, but must be felt, lived, and 
experienced; and when human language and human ideas 
fail, creation m art and living events must come to our 
aid.”* Dr. Mere lived his philosophy even more completely 
than he put it on paper, and we shall misconceive the full 
expression of it, unless we think, not merely of his writings, 
but of his happy family-life, of the success of his industrial 
work, and, above all, of the spirit of sweet and wise 
humanity which endeared him to all who were privileged 
to count themselves among his friends. 


* HUtorv, Vol 1V. # p. 7M>. 
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THE VELOCITY OK OXIDATION OF NITRIC OXIDE 
AND ITS IMPORTANCE IN MTROOEN 
FIXATION 

By Qioboi W Todd, M A , D So , F Ikst P 
[Bead Deo Wth, 1022 ] 

IlSTROIUfCTTOV 

The late ut which uiluc oxide is converted into the 
peroxide undei \aiymg conditions of con antiation and 
tempei.ituie is of the utmost importance in mtiogen fixation 
and nitric acid manuf&ctuie 

In the are processes nitnc oxide is synthesised at high 
temperatures and subsequently oxidised it loan tempeia- 
luies In the ammonia nxiil ilion piocess nitric oxide is 
ionned at about 600 °(\ tho tcmpeiatuie depending on the 
catalyst, and oxidised at a much lowei tempeiatuie by the 
addition of “ seiondary ” ait In the Hausei piocess the 
mtnc oxkIp is pioduced by exploding a raixtuieof illumin¬ 
ating gas and air, with or without the addition of oxygen, 
the lesulting pioducts being cooled lapidlv by sudden 
expansion to pievent the dissociation of the mtnc oxide 
The mtnc oxide obtained in these pioteaees is usually 
oxidised to peroxide by the addition of air and the peroxide 
absorbed m water towers Among othet things, the 
leactions m the towers depend nu the tempeiature and 
concentration The most important icaction is of comae, 
the oxidation of the mine oxide Since this reaction, at 
the concentrations met with m practice, is a slow one, 
time and space must be allowed for it whatever may be the 
treatment of the resulting peroxide 

Below 140°0, nitrogen peroxide does not appreciably 
dissociate bade to mtnc oxide and oxygen, so that below 
this temperature the oxidation of mtnc oxide may be 

Si 
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regarded us a complete termolecular reaption, as the experi¬ 
ments of Lunge and Berl* show. 

The velocity of a complete ter Molecular gas reaction,- - 
The velocity of the complete reaction 2N0 + 0*—^2NO| 

is given by ^ = k C’^.C^ 

where (' - concent] ation, and A 1 “constant for a gWen tem¬ 
perature 

Let us suppose that at the beginning of the reaction there 
are 2 a molecules of NO and b molecules of O, in a reaction 
spacer Let the number of molecules of NO oxidised in 
time / be 2/, then the velocity of the reaction at this instant 
will be given by 

N.B — {a — x)jv is only half the usually accepted concen¬ 
tration of NO. This merely altera the constant k. 

Let the oxygen be in excess, i e , b> a. 

The velocity equation may be written 

,,a 0-*(;)’( o’c~:) 

When the miction takes place at tontiant volume this 
become** 

</r = * rtS (i-~) 

dt r>*\ 1 n) \a a) 

X 

Putting = X where X is the fraction of NO converted, 

h „ = «nd k ) =■ K, we get 

2 -=K(1- X) . . . . (1) 

If the nifrtc oxali is tn exctM, the velocity equation becomes 

*2-K.Cft-XjM-X) • • • • (2) 
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When the reaction takes place at constant primur? we can 
no longer regard i a« a constant unless the concentiation of 
NO or of Oj is very small 

Let the urygm be m exres* t r b > a 
The velocity equation 

1C)-»C)’(*-:)*c o 

becomes 

1 dx x dv _Ja y/ t x \ x\ 
i at dt V a A " a) 

It the presstne is, maint lined constint thioughout the 
leoction then the volume ut an\ time will be prop utional 
to the numbei of molecules piestnt I he initial volume 
when/ o l* thticfoie 


3? + (/ - 0 

wkeie (6 — a) is the excess ot o\\gLii pieseut lhe volume 
ot this excess lemains the same tluou^hout the leaction 
wlnle the volume ot the moltc ules dmi^is continuously 
with time lb< volnim iftoi i time / is 


v (X 3 i(l + «\) + (/ 0 

where a is a constant which is negative m the reaction we 
"ire considering and K « ^ = the fraction of NO conveited 
Whence we obtain 


and 


v - v. 


dt 


37(1 + aX + (/-«) 
3a + (A — a) 

3a? rt a 


dt Si + {b -a) 


It 


On substituting those values for v and ^ in the velocity 
equation and simplifying we get 

17 k \vJ 7, 3a«X 
2a + ft 

oi putting 


(S) 
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When there is no change in volume, a m O, and the 
equation reduces to (1) If in addition to the 2a molecules 
of NO and the b molecules of O, there are also initially 
present n • a molecules of an inert gas, then 

3a(l + aX) + (6 — a)+na 
0 3a + (6 — a) + no 


so that 


(1 - X)'(P -X) 
X 


(3«) 


rfX _ J a V (1 -_ 

M \v„) , , 3a 

2 + p + n' 

If the nttnr oxide is in excess,a > b, we have by similar 
reasoning, since 

v a « 36 + 2(a — b) 
and v ot 36 • (1 + aX) + 2(a - b) 
«a_i/»\*(A-xy<i-x) 

*UJ 


1 + 


3a 
1 + 2^ 


(4) 


where p,=aj. 

It n-b molecules of an inactive gas aie also picsent in 
the initial mixture, it is easy to show that equation (4) 
becomes 

X) 

X 


CO 

_ a/LY ter- X)*(i—x 
dt \V 0 J . 3a 

1 + 2/>i + n ' 


. (4a) 


These equations cun be integiated and from the 
solutions, genetal cuives, showing the percentage con¬ 
version of NO to NO a with time, can be plotted both for 
the case when the raution takes place at constant volume 
and for the <ase when the reaction takes place at constant 
pressuie. Foi the solutions of the equations and the 
geneial turves t<n any complete homogeneous gas reaction 
between two leactunts, the leadei should refer to previous 
work.* 

The experiments of Lunge and Berl. —Lunge and Berl 
(Z. angew, Oh. 20,1713, 1907) made experiments on the 
velocity of oxidation of nitric oxide at constant pressure * 
and at a temperature of 20°C. 


* Todd. PM. Mag., xxxv., 881 sad 485. 
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Their obseivatiom aie given in fig 1. 

Let us compute the theoretical curves with those 
obtained experimentally by Lunge and Berl. At 20°C a 
considerable proportion ol the peroxide will be m the form 
N a 0 4 . We will, however, assume first that the reaction is 

2 N0 + 0,->- 2NO, ».«?., “ = - 3 
Lunge and BtrTt curve /., fig. 1, corresponds to 


P “ 


600 

65T3 


8 . 



Fio. 1. 


On comparing the curve y = S (see page 439, Phil, Mag., 
XXXV.), with curve I., fig. 1, we get_ 


% NO converted 
(-100X). 

t seo 

Lunge end BerL 

Theoretical 

curve*. 

■■AD' 

75 

1 

•876 

•376 

86 

S 

•76 

j 

•876 

90 

8 

1*16 

*888 


M 


<6 
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Ike agreement in the last column is very good 
\ow let us assume that the reaction is 
2NO + 0, N,0. »= 

On comparing the curve y *= 8 (see p 441 Phil M tg xxxv ) 
with curve 1 fig ] we get — 


NO converted 
( 10UX) 

, t ae 

1 Lunge and Berl 

1 '(“.)■ 
lhu>ret cal 
curves 

i\ 

75 

1 

| 370 

370 

8S , 

2 

67 

335 

90 

3 

i 10 

350 

94 

0 

I 70 

340 


The agreement in the last column is again good 
Lunge a 1 1 Perl s r it 10 II fig 1 corresponds to 


_ 100 
? ” 625 


= 16 


\ n-iph loi this value of / has not been plotted in the 
sapers reft in 1 to I he case is one in *huh molecules of an 
nactive gas jnitrogen) are present We must use the 
equation 3a) viz 


= V x ‘ 

it W 1 + 


X* ( p-X ) 

_ jq _ 

l +■ / + »~ 


In tbe cose we aie considering n = 


400 
62 6 


■ « 4 Hence 


,akmg a st — | we have 


rfX 

<U 



<1-X)»(16-X) 




ZV1 


.••*(»)■/- / x ( 1 -f u )« 

* J o (l-X)*(l- 6 - X) 


3 


loff. 


1-6(1 X) ,3 X 
L- 6 -X 2T- X' 


Putting in a few values of X gives * — 


X 

*7 

*8 

*85 

9 

9t» 

'""“"’it 

1 

1*88 

3*86 

5 84 

10 06 

1 


Comparing these figures with Lunge and Perl's curve II., 
we obtain 


% NO converted 
(-100X). 

t 

t tec. ! 

Lunge end fieri 

O' 1 

Theoretical. 

■A:.)' 

1 

70 

i 

40 | 

1 88 

*470 

80 

7-6 

386 

•607 

85 

13-5 | 

5*84 

•432 

90 

24 0 ' 

10*06 

419 


Taking a ® — 31 we have 

f/x_ J a \* (1 — X)*-(l -6 — X) 

* Ui — 


v (i-~X)*a-6-X) 


1 - 6(1 —X) 4 X 

TF-r + rr-i 


Putting in a few values for X gives:— 


X 

•7 

•8 

*85 

*9 


ltt 

3*60 

6*38 

9*31 


m 


Comparing with Curve II Tig 1 we obtain 


0 NO converted 
( 100X) 

t io 

Lunge & Berl 

‘O' 

Theoretical 

‘O' 

70 

40 

1 83 

467 

80 

7 0 

360 

473 

86 

13 6 

638 

308 

00 

240 

0 21 

384 


Ih< uilui )f ihe lelonty constant at 2i)°C —We can 
now detuuum the velocity < onstunt A in the equation 

iG 

wheit a h Ihe nuiubu oi pn mols of NO initially prebent 
in v lities of ieu<(i<m 'ipuce ind b the numbei of gm 
mols Oj initially piew.nt in i htics of leaction space 

The average values of * ^ * j obtained from Lunge and 
Beil s expenments ate 


Curve T 

Curve II 

1 

2 

1 

2 

1 3 

s 

* 8 

a “ » 

381 

349 

466 

428 


The numbers iiom Curve I and Curve IZ show consider* 
able variation We must remembei, however, that • really 


lies between — 


1 j 2 
and — tj” 


j auu-j Since in Cuive II, the concen¬ 

tration of peroxide formed in a given time is lower than in 
Curve I owing to the diluent nitrogen the ratio of NO, to 


N,0 4 will be greater, and therefore « will be nearer to - tj- 
than in Curve I 
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The time taken in mixing the gases might easily he of 

the order of a second, so that values of * J obtained for 

small t * might be consideiably m error We will therefore 

take for the average value of k , the last figures in each 

table, for which the reaction tiineB are large The figures 
are 390, 340, 419, 384, givmg for an average 

»(,!)’ - *» 


The value of ^ ^ was the same for Curves I and II In 

each expeument 62 6 cc NO total) m 626 cc was the initial 
concentration Since 24,000 cc at 20°C = 1 gram molecule 
of gas 

a 62 6 1000 . lA 

*,“ 24000 x 626 moh While 

383 

Whence k , 1 vi=c 22000 
\240 J 

Knowing the initial comentiation ot nitiu oxide and 
the iatio of ox>gen to i mtiic oxide, we can now obtain 
fioin the geneial curves, the time lor any percentage 
con vei sion of mtiic oxide to mtnc pci oxide at a tempera¬ 
ture of 20°C 

Application to the A nunonia-OxulaUnn Process —In 
piocesses for the oxidation ot umnoma, ui and ammonia 
in the propitious required b> the equation 
4 NHg + 5 0 3 — 4 NO + 6 H a O 

are passed over the catalyst at i tempeiature of about 
600°C The resulting pioducts ire quickly cooled since 
nitnc oxide is unstable at 500°C and the watei is taken out 
‘ Secondary 99 air is then intioduced into the mixture of 
nitrogen and mtnc oxide foi the oxidation of the latter 
It is advisable that this oxidation should take plate m an 
empty tower The time of contact inquired for any per¬ 
centage conversion can be calculated from the general 
cuives Since a huge volume of inert gas is present the 
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change in volume at constant pressure will be insignificant. 
Hence the curves for a termulecular reaction at constant 
volume will be used.* 

Take an example. Suppose that in an actual .plant 
for Ammonia Oxidation, the nitric oxide present 
immediately before entering the oxidation tower is 4 
volumes in 28 volumes. Air is introduced for the oxidation. 

For p=l, i.e., just sufficient oxygen for complete 
oxidation, 10 volumes of uir must be introduced, making 
the total volume 88. 

Initial concentration of NO is 2 voK. in 38. 


r* 5 24000 1000 “ '0022 mols. per litre at 20°(\ 

k ft)' = 22000 x ( -0022)* = 0106 

From the curves, (loc. cit.) * (^ ) < 50 for 90 per cent.* 

conversion. 

**• f “ "106 = ^ 8ec ‘ “ minutes. 

For p = 2 i.e., 20 vols. of air added to 28 vols. of mixture. 

Initial concentration of NO is 2 vols. in 48 vols. 

. ° 2 48 Ani74 

i " 24000 ^1000 00174 

.-. *0)*= 22000 x (-00174)*-0-067 

From the curves k t — 7-6 for 90 per cent, conversion. 

t "* ."IJgf “ 1 sec. — 1-9 min. 

k j t for 96 per cent, conversion — 17 

IT 

t — — 255 sec. — 4-3 minutes. 


* 8m Phtf. Mag., xxxv., pUte lx., fig. 2. 
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Proceeding 1 in this way with various values of p 9 we 
obtain tha following table; — 

Table A. 


Initial coutent of = 4 vols. in 28 voK Air added 
foi oxidation. 

For 90 per cent, conversion; — 


VoL of air added 
Original vol. of mixture 

10 _ 36 
‘28 

71 

28 

2 — 

£- 14 

60 - 1 8 
28 

Tune (min.) 

79 

19 

15 

IS 

1 5 


For 95 per cent, conversion: 


VoL of air added 

20 

30 , . 

40 , . 

50 , „ 

Orig vol7 of "mixture 

28 “ ' 7l 

®K 1*1 

28 

a 1*4 

28 

28 ” 18 

Time (min.) 

4*8 

3-4 

3*1 

3-3 


It will be observed that there is a minimum contact time 
lor u definite percentage conversion. For the particular 
case we are comsidering it is impossible to get 90 per cent, 
conversion with a contact time of less than 1*3 minutes 
and it is impossible to get 95 per cent, conversion with a 
contact time of less than 3'1 minutes. The ratio of added 
air to original volume is the same in each case for the 
minimum conversion time. See fig. 2. 

If a high conversion is required with a shorter contact 
time in the oxidation tower, pure oxygen must he introduced 
iimtead of air. This will not only increase the rate of 
oxidation but will also result in a gas much more con¬ 
centrated with respect to nitrogen peroxide. 

Let us work out the times for conversion when pure 
oxygen instead of air is introduced. 

For t.e., just sufficient oxygen for complete oxida¬ 
tion, wc must odd two vols. to 28 of the mixture making 
the total volume 30. 



Initi il concentration of NO is 2 vole in 30 vole 

a 2 30 

v ~ 24000 “ 1000 
'a 




0028 

22000 x ((X^-OIOO 
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For p“2, i.e., 4 vols. of oxygen added to 28 vo1b. of 
mixture 

fl 2 32 nf\oa 

v “ MM “ TORT ^'° 026 

/. *( )* » 22000 x (-0026)’ = -148 

^ t = 7-5 for 90 per cent, conversion. 

51 sec = 0*85 mm. 


t 


75 

•148 


t 


^ ^ / = IT for 96 per cent conversion. 
17 


048 


= 115 sec = 1*9 mm. 


Proceeding in the same way gives us Iho following 
table: — 


Tabus 11. 

Initial content ot NO -4 vols. in 28 v<ds. Pure Oxygen 
added tor oxidation. 

For 90 per cent, conversion .— 


Vol of oxygen added 

Ir 07 


£-21 

28’ 28 

10 „ 
25“ *® 

Ong. toI of mixture 

Time (min.) 

4-9 

085 

0*5 

04 

03 


For 96 per cent, conversion : — 


Vol of oxygen added 



28 M 

36 

Ong vol. of mixture 

28 

Time (min.) 

1*0 

10 

00 

08 


The reaction times fol high percentage conversions are 
shortened very considerably when pure oxygen is added 
for the oxidation. 

The tables A and B are given graphically in fig, 2, 
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A general expression for the tune of oxidation of nitno 
oxide protluctd m the ammonia oxidation process . 

Since the nitiic* oxide content of the gas leaving the 
converter and condensing plant \uries with the plant used, 
it might be useful to deduce a general formula for the 
time of conversion of any percentage of nitric oxide when 
(1) percentage content of NO (2) percentage conversion 
required (8) ratio of added u.c., secondary) air to original 
volume of gas, are known. 

The general equation for the reaction at constant 
volume* is 




Ki-X) 

,f--X 


} 


Now 


V 


^volume of Oj 
£ volume of NO 


g (volume of added air) 

200 (volume of orig. gas') 


_ 40 (v ol ume of a dded air)_ 

(%NO in orig. gas) (vol. of orig. gas) 


Also 

a 2tK> ( °/° N0) (voL of oriff * 1 

v \ vol. of added . vol. ot orig. I * 24 ^ mo ^ 8 * P cr ^ re 
j air + gas f 

Also porcontago conversion = 100X 
Patting N - % NO in original gas 

C = % conversion of total NO required 


g _ volume of ** secondary ” air added 
volume of original gas 

we obtain the following expression ior tbe time in seconds 
when the temperature is 20°C: — 


, 1045 (R + 1)M C(40R - N) , 40R(100 - C)l 

(40R-~N)* 'N(IOO-C) + IO8r *4000R-CN/ 


If oxygen is introduced instead of the “ secondary ” 


* This will be near enough If the per cent. NO in the gee from tbe 
oonverten end oondenting emngemente w not greeter than 10 per cent. 
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air and if B is now the ratio of added oxygen to the original 
gas the expression becomes: — 

, 1046 (R + 1)’ j C(200R - N) , 200R(100 - C)) 

1 " (200B - N) 1 \ N(lOO-C) + loge 20000R / 

By differentiating thc-se equations with respect to R 
and putting the result equal to Eero, the ratio 11 (of added 
air nr ox > gen to original gaw) which will give the minimum 
time of oxidation willl be obtained 

Application to Arc Proca net.—In the arc piwcBseg the 
gust's from the arc contain only low percentages of nitric 
oxide, the reaction may theiefore he legarded as taking 
place at constant volume. 

As an example let u^. assume that the gas coming from 
the art' is air containing 2 per cent, nitric oxide. The 
value of p = 20. The curves (loo. cit.) do not go to p=20 f 
hut we proceed thus: — 




ij 


l°«e 


a 

v 


’ ( p - D* \ 

1 100 
24000 + 1000 


V (1 - X) 

p-x 


= -00042 


X(;i —1) i 
1 -X~l 


jfc (2)* « 22000 x (-00042)* «= -0038T 

For 60 per cent, conversion, X = -5. — .0602, 

.*. t = 13 • 0 sec. 

For 90 per cent, conversion, »>., X = -9, k(^ ^ t— 496, 

/. / = 128 sec. 


It is easy to deduce a general expression for the time 
required to oxidiee unj pen'outage- of the total nitric 
oxide in arc gases. 

Let the gun lie ntr containing P per cent of nitric oxide. 
Then 


P 

5- T + 


100 

ToOO 


gm. mols. per litre 


24060 

(J)’ - siaooo x (tIrt)* 
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We have also 

n percentage of oxygen _ 6 — ^ 

* * i percentage of nitric oxide != P 

2 

On substituting 1 these values in the general equation 
we giet 

. 2 62 x 10‘ f X(200-?P) . , (200 - 2P) (1 - X) J 

1 " (200—7p) T 1 -3p(i^xr + g * 200—2P ~ bxr) 

where t is the time tn seconds required for the oxidation 
of a fraction X of the nitric oxide present in an arc process 
gna consisting* of air containing P per cent, of nitric oxide, 
when the temperature h 20°C. 


fIME Of OXIDATION OF HO to NO« IN AIR MIXTURES 
CONTAIHfWQ A SMALL PERCENTAGE CrvoU OF WO. 

cf Rcmvtton » J tO’C ) 



Fig. & 

The following table and the curves if fig. 3, have been 
obtained from the above expression, 
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Tabia. 


X 

p--«% 

P-1-0% 

t sec 

P-l-6% 

(MO. 

P«20% 

t MO. 

t MO. 

•5 

62'9 

26*7 

17*9 

13 5 

•8 

79*6 

40-0 

26 9 

20 4 

•7 

1 

124 

62-4 

41 fi 

92 0 

*8 

i 

213 

108 

72 3 

65*1 

*0 

480 

260 

164 

125 


Example:—Find the lime required for 80 per cent, 
conversion ot the NO in the cooled air guM>s in which the 
percentage of NO is 1*6 per cent. In this case X“*8, 
whence t -72 3 seconds. 

Conducing ranarlx .—The general curves which have 
been worked out thematically by the writer, hold for any 
complete miction at any temjieiuturc. The value of k for 
the temperature at which it is dcsiied the curves should 
apply must be detei mined expei iinentally. 

The value of h at 20°C foi the oxidation of nitric oxide 
has been obtained tiom flip experiments of Lunge and 
Bcrl. Bodenstein (/. aiigew. Chem* 1153, 1909) and others 
have made experiments confirming those of Lunge and 
Berl. IIi« experiments, and those of Foster and Blick (Z. 
angew. Th. 2018, 1910) indicate that V changes very little 
with temperature. In fact the}* find a small negative 
coefficient. Hence the general expressions which have been 
worked out in this papeT for the Ammonia Oxidation and 
Are processes, using the value of k at 20°C will not he 
very far from the truth at neighbouring temperatures. 


£1 
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A SIMPLE DERIVATION OF VAN DER WAAL'S 
VAPOUR PRESSURE EQUATION WITH A NOTE 
ON MOLECULAR DIAMETERS. 


Br a P. OWKN, M So., A.Imw.P. 


[Head December 14th, 1022.] 


si. 

Consideiing the change of a liquid into its vapour as a 
unimolecular heterogeneous reaction, it is easy to deduce* 
Van der Waal’s Vapour Pressure Equation from the kinetic 
theory. 

The forces acting on a molecule in the liquid, are, on 
the uvciage, diiected towards the liquid along the noimal 
to the surface, hence the assumption is made that only 
those nioleculeH possessing a certain critical velocity normal 
to the surface, ure capable of escaping from the liquid. 

The number of molecules per unit volume which have 
velocity components between u and u + du , v and v + dv, 
iv and w + dw is 

n( A J*)V 1 *<«‘ + " + "Uhl du dm 


where k 


1 

2R0 


and N is the number of molecules per unit 


volume. 

The number which hits unit area of the surface per 
second 


= n(^*)*« ***** + »* + »*>u. du. dv dw 

where u is the velocity normal to the surface. Of these, 
only molecules having a velocity greater than the critical 
velocity «„ escape into the vapour, and there number is— 




f- m J: f ~ km i" + " + "'ududvdw 

N. M \V*«.- 

2 '\wbJ r 
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Since all the vapour molecules hitting* the surface pass 
into the liquid 



where the suffixes I and v denote the liquid and vapour 
respectively. 

Consider the reaction 

liquid ~ vapour. 


For equilibrium conditions and kJ^ v — kxS\ 

where k denotes the velocity constant. Therefore the 
equilibrium constant 


_*». N. 
■*. $ 


Since the vapour pressure is independent of the quantity 
ot liquid present, K ih proportional to the vapour 
pressure. 

.••F- 


where A is a constant. 


At the critical temperature, the critical energy i mu t * 
vanishes, since the two phases are now identical, hence 
wa assume that imv,* is proportional to (Q e —0) *here 9 C is 
the critical temperature on the absolute scale. 

Thus p = As ~ *6 {0 ° " 6) 


where B is a constant. 
When 6 — 6 e pc -= A • 


P-P> * 

log^- 


B ($< 6 ) 

' R 6 
B (0.-0) 
ti 


which is Van der Waal’s Equation since B/R is a constant. 

Since the critical energy $««,* = B'0. - 6) t it follows 
that the constant B0. for any substance represents the 
critical energy necessary for a molecule to escape at absolute 
nero, 
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It is interesting 1 to note that if Jwm * in assumed con¬ 
stant ami is associated with the heat absorbed in any homo* 
geneous gaseous or heterogeneous reaction, it follows that 

log K = - | mu ' 




2 W- 

1 mu* • 

2 “W 


a result which is identical with that derived on thermo¬ 
dynamical grounds by Van’t Hoff. Thus the ubove reason¬ 
ing may be applied to homogeneous gaseous and hetero¬ 
geneous reactions, by associating chemical activity only 
with those molecules which have u ceitam definite kinetic 
energy. 

§ 2 . 


The kinetic energy necessary tor a molecule to pene¬ 
trate the surface ot its liquid completely, is used up in 
doing work against the foices of molecular attraction. It 
is reasonable to suppose that when the molecule escapes, it 
has associated with it, o certain amount of potential energy 
which is equul to this work, the potential energy being 
manifested at the surface of separation in the form of 
Surface Tension. 

A somewhat similar view has been suggested hy Taylor 
“On the coalescence ot liquid spheres,” Phi] Mag., Vol. 41, 
1921. It is the appearance of this paper that has led the 
author to communicate the above point of view', which he 
has held since 1917, hut which he refrained from publish¬ 
ing, owing to the difficulties involved in the conception. 

It follows fiom the view outlined above that— 


*d*r = critical kinetic energy 

where d is the diameter of a molecule and r the surface 
tension. ’ It has been shown by Edtvos (Annalm dmr 
Phystk, 27, 448, 1886) that t(Mv)» - k($r - $) 
where M is the molecular weight, v the specific volume and 
k a constant. 


w k 


Therefore 
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Writing Van der Waal’s Equation in the form 



_ f i®. - 0) 

' e. 



loi/ m P. 

( R 
43ir 


d — / /• 11 ( Mi’)* . 

v »*x -4343. 


• U) 


Using the values of / given m Lewis, Physical 
Chemistry, Yol. T., p 123-4, anil A-2 12, the value given 
by Ramsay ami Shields, the following values ot </ aie 
obtained: — 






Unit 10 ~ 8 

cm. 





Molecular diam. d deduced from 

_ft- 

Density 

/ 

(i) 

V 

4 

b 

D 

Oxygen 

1 ‘ 2 * 

2*5 

323 

3 39 

3-11 


a-79 

Nitrogen 

• 8 * 

2*27 

34 

3*5 

3-31 

3*53 

2 97 

Carbon Dioxide 

. 7 * 

2*86 

4*59 

4*18 

432 

3*4 

4*42 

Argon 


225 

3 13 

8*36 


2*86 

4*43 

Water 

1 

3*28 

3*28 

4-09 



3'45 

Kther 

•718 

1 3*01 

6*58 




7' 6 * 

Ethyl Alcohol 

*78 

3*91 

5 24 




5 2* 


V - viscosity 
k m thermal conductivity 
6 «■ Van der Waal’a oon.Unt 
D - limiting density. 

* landolt—Bdrnatein Tabelleu. 

Other results Kaye and Laby. 

Thus the results obtained from (1) agree very closely 
with those obtained by the usual methods. 
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A NEW .METHOD OE DETERMINING RADIATING 

AND IONIZING POTENTIALS NOT NECESSI¬ 
TATING LOW PRESSURES. 

lly W. J. Clahk, 13.Sc. 

[Read March 12th, 1928.] 

If the molecules of a gas are subject to bombardment 
by an election stieam, uny encounters tuking place do not 
involve intemul molecular absorption of energy unlem 
these electrons possess an umounl of energy equal to or 
greater than “ V*c,” “ e ’* being the electronic charge, 
and “ V, ” the fiist Radiating Potential of the gas. In 
this latter case, such encounters lesult in energy trans- 
feience sufficient to bung about displacement to less stable 
orbits, of valency electrons ol the molecular systems 
affected, and hence diminution in velocity of the 
bombaiding particles. • 

An investigation, therefoie, of the changes occurring 
both in the velocities of the electrons constituting a current 
passing through a gas, and of the value of this current 
under suitable conditions, should afford experimental 
evidence of the existence of Radiating Potentials. 

The following apparatus, similar in form though not 
in piinnple to that usually employed for the purpose, 
appears to be capable of supplying this evidence, advan¬ 
tages cluinied tor it being: — 

(1) The pressure at which experiments are conducted 
need only be of the order of 1 mm.; consequently 
the magnitude of disturbing effects due to the 
presence of impurities, or to mercury vapour, is 
reduced, and the necessity of keeping a constant 
stream of gas at low pressure circulating through 
the experimental tube, obviated. 

(2) The instrument used for detecting changes in the 
electronic current at and above ihe Radiating 



Potential need not be neatly so delicate as for 
those methods m whuh such detection depends 
on the measuieinent of the photoelectric effect 


Of A. ‘gAiucm-e. 

Hew m **r Hr -Y ^ ***tnmVffAL tvtt 

—1 * • * *• * 



produced by radiation from stimulated molecules 
falling on the collecting plate of the electroscope 

An experimental tube is set up containing a lime- 
coated platinum filament “ A ” as electron source, a 
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disc-shaped guuxe “ B,” and a circular copper plate “ C,” 
connected to an electroscope. (Vide Fig. 1.) " X ” and 

“ Y ” are sources of variable potential difference, the 
accelerating potential “ Sa ” applied to electrons emitted 
from “ A ” being equal to (Y +X)v. Between “ B ” and 
“ a retarding potential “ Y,” diminishes the velocity 
of those electrons possessing at “ B ” the muximum value 
“ Va,” to “ X ” volts minus that due to the velocity lost 
in travel sing the gas-tilled space “ AC *—this latter 
factor incidentally necessitates, in accuiate deteiminations 
of ” Va,” u correction which may amount to as much aa 
0*6 volts lor that proportion ot the velocity lost between 
“ A ” and “ B.” (For the sake of convenience, velocities 
will be lefened to in teims of potentials.) 

Gknebal Theoretical Considerations. 

Giving “ X ” some suitable constant small value, 
sufficient when “ Va ” is less than the Uadiating Potential 
to chaige “ C ” to a potential “ it is evident that 
variation in “ Y,’’ while increasing “ Va ” (always 
subject to the condition that “ Ya ” is less than the 
Uadiating Potential) and also increasing the thermionic 
emission from (< A,” will leave the oncoming electrons 
wilh the same residual velocity corresponding to “ v ” on 
reaching “ C.” 

Suppose now “ Va ” to equal “ V*,” the Radiating 
Potential. For various reasons, electrons possessing all 
velocities from “ O ” to “ Vo ” will pass through the 
interstices of gause “ B.” The fastest electrons corres¬ 
ponding to “ Vo ” will therefore have just sufficient energy 
to produce radiation effects.” 

Further, let the gas pressure be such that all electrons 
eligible for energy transference are subject to effective 
Collisions. 

As a result, they will no longer be able to traverse the 
•pace ” BC ” against the letarding potential “ Y hence 
both the negative current at “ 0,” and the potential to 
which “ C ” is raised will decrease. 
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Increasing; V a ” to (V B +x) results in all electrons 
possessing velocities between “Va” and (Va-cr) being 
stopped with furthei diminution of the negative current 
and \alue of i ” Due to this cause alone, when V a ” 
equals (V R + X), the negative charge received by C” 
will dei levee to rero and “ v ’ will become “ 0 ” Finally, 
when “ Vo ' is equal to the Ionising Potential “ Y 
encounters will now result m complete sep nation of 
electrons from the parent molecules, positive ions being 
tunned and a positive cuuent being legisteied by the 
electioscope, which will chaige up to a potential of the 
onlei of “Y Fig 2 shows this effect giaphically, 
oidinates being the potential to which “ C is laised, 
and abscissse the conesponding value of “ Va ” beveial 
othei superimposed effects, howevei, veiy considerably 
modify the above cuive 

(1) Radiation fiom stimulated atoms causes emission 
of photo-elections fiom “ C ” Ibis effect, 
negligible at the Radiating Potential itself, com. 
paied with the loss of chaige of “ C due to the 
nctutl stoppige of an election will mciease pro- 
giessivelv as the stoppage becomes more general 
and “ N ” the neutial point of the above curve, 
will move c onsidei ably neaier to ** R ” m 
consequence 

(2) Cumulative ladiation effects due to the absorption 
of radiant energy by alieadv stimulated molecules 
will result in piematuie ionisation occurnng, and 
hence tuither deciease m the value of " N,” 
in fact the combined action of (1) and (2) mav 
lead to a meiging of the two paits of (a) into a 
i urve similar to (6), “ C ” charging up slowly 
beyond the limits of measuiement as soon as all 
the original curient has been stopped 

If the preqgjure of the gas is, however, not such that 
ill elections are stopped, when “ Va " is equal to the 
Radiating Potential, a number of the latter will still 
reach “ C,” chaigwg it up though more slowly to its 
former value “ v,” and not until “ Va ” has attained a 



sufficiently high value to make the range in which theae 
elections aie still eligible big enough to ensure encounters 
for all or till sufficient loniration has taken place to 
counteract the negative charge received by “ 0,” will 
“ v ' decrease m value Hence “ R,” the point at which 



this deciease becomes perceptible will assume a greater 
value than “ V ”, '* H ” also will correspond to a higher 
value of '* Vo,’ indicating a condition in which the 
positive and negative charges received by “ 0 ” jost 
neutralise each other, at low pressures it will disappear 
altogether (vtdt Fig 2c) 
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But if by this means the Radiating Potential u masked, 
a measurement of the (urrent received by “ C,” ought 
to indicate by its diminution an absorption of energy at 
the Radiating Potential and independent except for its 
magnitude on the pressuie 

Evidently the efficacy of the above methods depends 
en a knowledge of suitable tonditions in order to bring 
out those characteristics of the electronic current capable 
of definite interpietation 

pHEJIMINABY Fxi BBIHENTS 

Ihe following expeuments were therefore conducted as 
preliminaries m ascertaining these conditions air being 
used as most convenient and capable of indicating qualita 
tively the possibilities of the method “ X was fixed at 
5 6 v and a number of leadings at different pressuies with 
roughly similar emission intensity from “ A ” taken Fig 
(3) lllustiates the lesnlts obtained — 

(a) An inspection bears out the expectation of a 
change in the position of the nentral point with 
alteration in pressure this position varying from 
12 6 v for a preenure of 1 mm to 21 v for 
0 17 mm 

(b) At higher pressures the Tate of decrease of the 
negative potential to which “ C ’is raised is 
considerably gi eater than at the lower ones, 
necessarily suggesting less photo electno action 
in the latter cases 

(c) It is impossible to detect the position of the first 

Radiating Potential * e the potential corres¬ 
ponding to initial decrease of “ v ’ All the 
curves show a slight decrease even in the vicinity 
of 10 v but due partly to the fact that the 
electroscope van leant sensitive m registering the 
highest values of the potential to which “ C ** 
was rained and also due to the difficulty experi¬ 
enced in determining accurately these highest 
values, since the final stage of the charging up of 
“ C ’ was brought about only by the ccenpeme 



318 


tively few electrons possessing the maximum 
velocity " Va 99 at “ B/' no definite indication of 
an initial decrease is possible. Nevertheless the 
general trend of all the curves suggests that the 
Radiating Potential must l>e below 9*5 v. 

(d) None of the cuives indicate the pressure to be such 
that all elections have been stopped as soon as 
their energy exceeds that cones ponding to the 
Radiating Potential, for if this were the case, 
“ C ” would charge up positively to an extent 
fai exceeding that indicated, that is to a value 
comparable with <c Y 99 ; all the positive values of 
“ v ” must apparently be potentials of equilibrium 
between the residual part of the original negative 
ounent and the photo-electric and ionisation effects 
combined. 


Keeping “ X ” the same value (6‘6 v.), a further set of 
experiments was now conducted to investigate the effect of 
variation in the intensity of emission of the electron stream. 
Pig. 4 gives an idea of the geneial effects obtained at two 
different gas pressures. They are quite representative of 
similar curves obtained for intermediate pressures. It 
appears that: — 

(1) increase in emission increases the value of “ V<* 99 
corresponding to “ N,” 

(2) the magnitude of the increase depends on the 
pressure, being greatest for the lowest pressure. 

Considered theoretically one would have expected a 
greater proportion of ionization for an intense emission, and 
hence a decreased instead of an increased value for " N.” 
The most feasible explanation of (I) is that increase in 
ionization does take place but the ions formed are unable 
because of their small mobility to charge up “ C,” to an 
extent proportional to their rate of production. This small 
mobility may be due to the combining together of number* 
of positively charged particles to form aggregates. The 
electrons constituting the original current, having greater 
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mobility on account of their smaller bulk, are not so 
impeded, hence for intense emission, a greater proportion of 
negative than positive ions can reach “ C,” than for weak 
emission. 

(2) Might be explained as follows. At higher pressures, 
the number of elections reaching “ C ” at the neutral point 
“ N ” is lees, and the degree of ionisation greater, than at 
low pressures, hence variation in emission intensity means 
current variation at “ C ” of less magnitude for high than 
for low pressures, consequently a smaller variation in 
" Va ” will suffice for compensation. 

Experiments on Radiating Potential. 

From a consideration of these preliminary experiments 
it appears that in order to obtain decisive initial effectB 
corresponding to the Radiating Potential, it will be better 
to investigate changes in current value at this point. 
Turning to Fig. 5, curves (a), (b) and (c) represent theoreti¬ 
cally, three possible relations between “ Va ” and the 
negative current reaching “ C.” 

Tf change in “ Va ” has very little effect on the number 
of electrons drawn from “ A,” then the negative current (i) 
reaching “ C,” will bo of constant value until “ Va ” is 
equal to the Radiating Potential, when a decrease of magni¬ 
tude depending on the gas pressure will result, as illustrated 
by curve (o). 

If on the other hand, increasing “ Vo ” increases the 
emission from “ A," (i) will increase in value till the 
Radiating Potential is reached. At low pressures, the 
number of electrons subject to effective collisions and hence 
prevented from reaching “ 0,” will be less than the 
increased number drawn from “ A ” as “ Va ” is increased, 
so that (i) will still increase in value, though not so rapidly 
as before (see 6). If, however, the pressure is such that 
most of the electrons eligible for energy transmission are 
stopped, there will be a considerable decrease in the negative 
current as illustrated in curve (c), at the Radiating 
Potential. 
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Several preliminary experiments with X at different 
values indicated the suitability of 5 6 v again At low 
press urea increasing V a only resulted m a slight 
increase in the negative current similar to that indicated in 
Fig 5 b at pressures above 1 6 mm no negative current 
at all could be detected but for pressures of the order of 
1 mm curves of the type indicated in Fig 6 were obtained 

Apparently increase in V a did not affect the emis¬ 

sion from A appreciably the onrrent being constant 
until Ya equalled 7 2 v at this point a decided current 
decrease was observable followed by a further decrease at 
8 2 v These value of Ya are unoorrected for tba 
retarding effect of the gas molecules between A and 
B on the electron stream whi h at the above pressure 
was estm ate 1 to amoui t to 0 5 v Subti acting this correc¬ 
tion from the above there are two d stinct current 
lerteases oi e oorrespoi d ng to 6 7 v and a f irther larger 
one to 7 7 v These values are only qualitative but oorres 
pond inughly to the Ral ating Potentials of Oxygen and 
Nitrogen respectively 

Further experiments conducted with apparatus only 
slightly modified slosed tl ut very slight changes in the 
construction of the latter made very onsiderable modifica 
t ons necessary with tegard to the adjustments of pressure 
filament emission and the value of X in order to 
emphasize the cunent charactei lsties illustrated above 

FxpsBiKEtrrs oir the Ionizing Potential 

An attempt was now made to eliminate the effects most 
likely to mask the true Ionising Potential These effects 
are due to — 

(1) phot electnc action and premature ionisation and 

(2) the negative current which persists if the gas 

pressure is not such that all ele trons gaining 
energy corresponding to aie subjeot to 

effective collisions 

To eliminate (1) as small an emission as possible trap 
used—this incidentally meant a corresponding de c r ea se A 
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the number of positive ions produced at the Ionising* 
Potential. 

To decease (2), “ X ” was changed to 1*4 bo that 
only electrons having velocities between “ Va ” and 
(Va—T4) v. at “ B,” could reach “ C ” below the Radiating 
Potential. 

Fig. 7 illustrate*! the results obtained, the emission from 
“ A ” being adjusted so that no negative current could be 
detected below the point of emergence of the positive current 
from the horizontal axis. Ionization is indicated as occurr¬ 
ing between 14 5 v. and 15 v., corresponding to the Ionising 
Potential of Oxygen. The most decisive results were 
obtained between 0 5 mm. and 1 mm. pressure. Decreasing 
the pressure, decreased to such an extent the amount of 
ionization produced, while at the same time making it 
necessary to diminish still further the emission from '* A ” 
in order to prevent a negative curient reaching “ C,” that 
measurement of this ionization was rendered exceedingly 
diflu ult and uncertain. 

Curve (c) for a pressure of 0 49 mm. is interesting, as 
showing that when the value of the negative current reach¬ 
ing “ C ” has been made very small, increasing the 
emission, results m premature ionization occurring, thus 
consideiably lowering the value of “ Va ” corresponding to 
“ N this effect is just the opposite to that illustrated in 
connection with the preliminary set of potential curves of 
Fig. 4, where the increased ionization produced is more than 
counteibalanced by the corresponding increase in the 
negative current reaching “ C. M 

• ■••••••a 

The author expresses his indebtedness to the Department 
of Scientific and Industrial Research for the maintenance 
grant which enabled him to carry out these experiments and 
to Professor G. W. Todd for his advice during the period 
of the fesearoh. 
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SOME FURTHER PROPERTIES OF CELLULOID 
WITH A DISCUSSION ON THE BASIC 
PRINCIPLES OF OPTICAL METHODS OF 
MEASURING STRESS AND STRAIN. 

Bt H. B. LANOR MARTIN, B.Sc., Amoo.M.ImAO.R. 

[RmmI Oot. Hit, 1922.] 

I.—Introduction. 

The description of the experiments presented herewith 
are a further contribution to the problem of the optical 
determination of stress and strain in the transparent 
substanoe “ CELLULOID.'’ Whilst the results must not 
be token as final, the Author submits that they will help to 
explain the phenomena observed when strained celluloid 
is examined by means of polarised light. 

From 1811 to 1914 some preliminaiy experiments were 
made 1 with the object of testing the distribution of stress 
in celluloid, reinforced with mild *steel wire. The 
experience thus gained showed that the method of measure¬ 
ment then adopted, although sound, was very difficult to 
control and was thus open to improvement. With this 
end in view the Author decided to reinvestigate the whole 
subject, and work was commenced in April, 1922, 
continuing, at intervals, to the present time. 

The material used was in no wise treated, either to 
remove the initial stress, or to improve its optical properties. 
In the course of time some of the specimens after being 
worked, that is loaded and unloaded, altered, otherwise the 
specimens were made from the material as received from 
Messrs. The British Xylonite Co., who informed the Author 
that it was of recent manufacture. 

Similar work is now being carried out with material 
which has been kept for over nine yean. This possesses 




excellent optical properties. The comparison, of the results 
obtained irom the old and the new materials will be 
exceedingly valuable and instructive when available. 

II. —Apparatus. 

In the earlier experiments the polarised light was 
obtained by the reflection of a parallel beam of light from 
a piece of black polished glass, while the analyser was a 
small nicol prism. 

In the present experiments the polariser and analyser 
consist of a laige pair of nirol prisms suitably mounted. 
The source of light is a 1,500 C.P. “ Focuslight,” which 
lamp gives a steady illumination and posses tee the great 
advantage of requiring no attention after once having been 
adjusted. 

The nicol prisms, lamp, condensers, and lenses are all 
mounted on an optical bench which is divided into two 
portions by a large gap in which are placed two straining 
or testing machines. Both of these ire of the single lever 
type, giving a maximum load on the specimen of approxi¬ 
mately 200 lbs. At all loads they are sensitive to plus or 
minus 1 lb., and one of them is bo constructed that the 
specimen can be turned through an angle of 90 degrees 
in its own plane. This specimen is generally a simple 
standard for comparison with the specimen under 
examination. 

By a simple arrangement of the lenses a real image of 
the standard can be made to fall on the specimen, with tbe 
result that tbe objective lens can throw properly focussed 
images of both specimen and standard on to the viewing 
screen. This screen can be replaoed either by a camera for 
taking colour reoorda, or by tbe slit of a Hilger’s fixed-arm 
spectrometer, by means of the wave-length drum attach¬ 
ment of which, wave lengths, and hence retardations, can 
be measured to 10 Angstroms unite or*l w*. It is possible 
to estimate to one-tenth of this unit, but it was found front 
readings taken by two independent observers that tbe mean 
error of one reading, from one set of 7 observations of the 
. same wave length, was 2‘24, and that tbe greatest mesh 
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error was 47 However if the reading* were tekefc by 
one observer these errors were about helved Henee any 1 
observation will be taken as being within {Ana or nAnus 
2 H* This figure will naturally be increased for all 
orders of col oar* (retardations) other than unity 

For obtaining the strains in the oelluloid specimens a 
Ewing s extenaometer was used This instrument oaa 
measure to one five-thousandth part of an inch while 
estimates to one-tenth of this are possible 

III -MkCHANICAI PnOPBBTIBS 

The determination of Young s Modulus of Elasticity 
was undertaken Many experiments have been made 
previously 9 but apparently without time effects being 
noted It will be shown that the Modulus depends on a 
number of factors and is by no means constant The same 
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specimen was used throughout and was made from celluloid 
cut from a large sheet Its section measured 1 inch by 
0170 inch and its length was such that the standard 
distance of 8 inches between the gauge screws on the 
extenaometer could be easily accommodated In no single 
ease was the so-called elastic limit approached ae it 
was desired to examine the behaviour of the materia) unde# 
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very low stresses Table I gives the stresses time of 
loading and extensometer readings and Fig 1 shows the 
resulting curve as obtained by the least square method The 
value 386 600 lbs per sq in for Young s Modulus was 
calculated from this line and had the extensometer readings 
been taken as soon as practicable after each load instead of 
allowing one minute to elapse in each case this value would 
have been slightly higbfer 
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The effect of allowing the loads to remain constant (or 
some considerable time is shown in hg 2 which was 
plotted from the data given in Table II The extensometer 
reading of 161 was taken as soon as practicable after the 
application of the first load which caused a stress of 1618 
lbs per sq inch This stress was maintained for a period 
of 30 minutes in which time the reading had increased to 
171 Hie three constant stress periods for loading are 
indicated in the figure by horuontal steps on whioh the 
periods of rest are shown The material revealed similar 
oharaetenstios when being unloaded Fifty-eight minuted 
after the stress had been reduced to 1618 lbs per sq inch 
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Tabu III - Exfikihsht, April 11th, 1922. 
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the readings dlopped from 2 20 to 1 81 Complete recovery 
required 1 71 This would probably have been leached had 
more time been allowed It is also piobable that if the 
specimen had been loaded and unloaded with very long 
intervals between the successive stresses the extension and 
the recovery curves would have been clos to if not identical 
with each other The Modulus value obtained f rom the 
line drawn evenly amongst the loading points (neglecting 
the three steps) is 313 500 lbs per sq inch or nearly 19 
per cent lower than the first value obtained two days 
previously 


Weights * n j Extensometcr Reamnci 



Time and previous loading having such a marked effect 
on the material the following experiment was framed to 
investigate these important characteristics m greater detail 
At definite times the specimen was loaded extensometer 
readings were taken (a) ae soon as practicable after loading 
and (6) at stated intervale after loading Similar observa¬ 
tions Were made when unloading Table III givee the 
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complete record of these measurements which will be 
analysed to show — 

(1) The relation between Stress and Externum at the 
end of unequal periods of loading and unloading 

(2) The relation between Stress and h ztennon for 
loading and unloading at (a) the instant these 
operations are completed, (6) after equal intervals 
of Time 

(8) The relation between Extension and Time for the 
whole period of stress variation 

(4) The relation between Fxtensum and Time at 
constant stress for loading and unloading 



(1) Relation between Stress and Extension at the end of 
unequal periods of loading and unloading 

The most satisfactory way of demonstrating this 
relationship is by means of a curve In Fig 8 the valves 
of the exteneometer readings are plotted against the values 
of the weights on the lever of the testing machine Joining 
the points so obtained, it is seen that they do hot lie on a 
straight line, and this want of proportionality prevents a 




true value of the modulus being calculated from the data 
obtained for unequal periods 

(2) Relation between Street and Extension for loading and 
unloading at (a) the instant these operations are 
completed, (b) after equal intervals of time. 

Table IV. is a re-arrangement of the data of Table III. 
It shows the readings at given intervals of time—these 
intervals being measured from the time of applying the 
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load. Further, it is assumed that the periods of time taken 
to load and obtain the first readings after each loading were 
equal, and for the sake of brevity have been termed “ O " 
intervals Figs. 4 and 6 show the result of plotting the 
stress and readings for the 11 O ” and 3 minute intervale. 
From these and similar lines, all fitted by the least square 
metfiod, the calculated stresses and the values of the 
Modulus were found as given in the table In four minutes 
the value decreased from 306,600 to 296,600 lbs. par sq. 
inch for loading (from the figures it appears as if it would 
ttill gut smaller with time) end increased in two minutes 
from 318,000 to 324,000 lbs. per sq. inch for 
(from the figures it appears as if it had become constant). 
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It Bhould be noted that the initial valnee 306,600 for 
loading and 818 000 for unloading an both leu tban ilia 
values given by the previous two experiments, via , 886,600 
and 313,600 for loading and 416,000 and 836,600 for 
unloading 
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(3) The relation hetuem Sotennon and Time for the whole 
period of itreu variation 

The stepped diagram of Fig 6 is obtained by {Waiting 
tune against extensions It shows clearly, how, %ith <h* 
application of a load the extension in cr eases almost (a 
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rtantly at first and then rapidly folia off with time, tending 
to become aaymtotic to a line parallel to the abscissa (time). 
On the diagram the stresses are noted, which are well 
within the “ so called 99 Elastic Limit. This term may now 
be defined as that stress which, if exceeded, the extension 
and stress cease to be proportional after equal time intervals 
of loading. Thus the stress at which such points as plotted 
in Figs. 4 and 5 cease to be linear will be the measure of 
the Elastic Limit. 

Increase .* Extension Time. 
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210 

0 5 I 15 2 0 2 5 30 

Tim* m mimiUt. 

(4) The relation between Extension and Tim* at constant 
stress, for loading and unloading. 

Loading .—An attempt has been made to find the laws at 
extension with time. Table Y. indicates how far thie hat 
been successful, while Fig. 7 gives a typical time extension 
ourve. The actual differences in the extensions for the 
standard length of 8 inches have been deduced from the 
extensometer readings *or each constant stress and tha 
result* have been multiplied by 10®. This gives a number 
of three figures which greatly simplifies the arithmetical 
calculations. 
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Several law* were tried of which the following proved 
the most successful. 

X-B.r 
X« A + B./* 

X — A. + B. /» - /(f). 

Although each of these can be made to fit the experi¬ 
mental values fairly well, it seems that only the last is 
permissible, the others giving infinite extensions with time, 
which is probably contrary to experience as after a certain 
period the material should come to rest at a definite exten¬ 
sion, for these tow stresses. 

X -t A + B/* *“ - 0-1 x /. 

was the actual formula used for calculating the extensions 
at the constant stresses given in Table V. The last term 
of this law is very indefinite and only affects the calculated 
extensions in a small degree for cases of “ t ” grentei than 
6 minutes. It is to be observed that the same index 0 366 
of “ t ” in the second term is common to the five sets of 
constant stresses. The constant “ A ” seems to depend 
upon the amount of the total stress, and “ B ” upon the 
magnitude of the increase of stress. 

Unloading. —On comparing the recovery curves with 
those just considered it was seen that they were ot a similar 
type, but further consideration showed that the same law 
could not apply. The contraction has commenced from 
some definite point and tended to proceed to another definite 
point, vis., that which it reached when the specimen was 
at the corresponding loading stress. Uence the required 
law should indicate this. After several attempts:— 
R=X- A/f 

was the form ultimately selected. In this if “ t ” is made 
large then “ R ” will become equal to “ X " its starting 
point, on the other hand, if “ t ” be small “ A/t* ” will 
be large and “ R ” will become small. The value “ t ” 
equal to “ 0 M is not permissible as the conditions in the 
experiment are altering, that is to say, the load is beings 
removed, which operation tabes a certain amount of time 
to complete. The value “ R ” equal to “ 0 ” would 
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correspond to the instant that all load had been removed 
and the corresponding 1 value of “ t ” is the smallest 
allowable “ X ” is the extension from which recovery 
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oommenoea and its values are equal to, or greater than, the 
experimental values This is parallel to the oese of loading 
in which the values of " A ” are slightly less than those 
r obtained by experiment. Table VI oompares the calculated 






































and experimental values of ‘ R and Fig 8 givef a 
typical time recovery curve 
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Maximum poeibk variation—28 8 per cent of initial unloading value 
Variation from eeoond loading to third loading (initial valuer of each)— 
£ 05 per oent of eeoond loading 

Variation during the third experiment per oent of the first value loading— 
2 90 per oent that u an a period of 20 mmutee 
Variation during the thud unloading per oent of initial value+1 88 per 
oent 

A summary of the alteration in the value of Young a 
Modulus as determined by tbe three experiments is 
presented in Table YII These variations are also expressed 
as percentages of its original value and are seen to lie 
between 19 and 29 per cent Such large variations an too 
great to be ignored However if the law of strain with 
tune has been found the true value of the Modulus een he 
estimated for any of the conditions that are likely to vpe 
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ia the optical methods of stress measurements, similar to 
those described in this paper. 

IY.—Optical Properties. 

Ia the earlier work of 1914 a table was prepared show¬ 
ing the interference colours obtained by viewing between 
crossed niools, oelluloid while under direct stress. These 
dolours, of which Table VIII. gives another list, are in the 



Time — minutes 

Fig. 8. 


same sequence as those of Newton’s rings, and similar to 
those given in the form of a beautiful chart by M.M. 
Michel-Levy and Lacroix in their work “ Lea Mineraudes 
Roches.” On this chart each colour has against it a figure 
which represents a definite retardation. By matching the 
colours of the stressed celluloid with those on the chart it 
ia possible to indicate in a general way the relationship 
between atroes and retardation; vide Fig. 11. It should be 
observed that the oolours repeat themselves, the number of 
repetitions being known as " orders.” This approximate 
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relationship not being of sufficient accuracy for the present 
puipoee, more dnect methods weie employed, all of which 
depend upon ietardaturn measurements. These measure¬ 
ments being somewhat novel they will be very briefly 
outlined. 

A ray of polarised light in passing through a doubly 
refracting substance is divided into two, the ordinaly and 
extractdinary rays, the tiansveiae vibrations of which 
vibrate in two planes at right angles to one another; the 
vibrations having unequal phase*. The*e orthogonal rays 
on being passed through a mcol prism become coplanar, 
but with the difference of phase maintained, with the result 
that interference takes place betweeu them. The effect 
of this interference is colour. Retardation is the measuie 
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0 Dark field (yellow) 

188 Grey yellow 

376 Lifht yellow 

664 Yellow to orange 
752 | Orange 

1,128 t Brown red 

1,316 , Purple to violet 

1,411 Green blue 
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1,695 Green yellow 

1,978 . Yellow 

2,355 Orange vollow 
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of this difference of phase or “ lag,” tlieoiefically expressed 
by 

. . . . ( 1 ) 
where and are the indices of refraction of the two 
rays. This expression is a special case of a geneial physical 
law which will be stated when the “ Single Mica Sheet 
Method " of stress measurement is considered. However, 
it cannot be employed for obtaining retardations on account 
of the experimental difficulties ot measuring the indices 
of refraction in the celluloid specimen while under stress. 
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but by the simple process of annulling the interferon 3 ® 
colour (retardation) in tbe specimen by nn equal and 
opposite retardation, the value of which can be easily 
measured, this difficulty is overcome. The interference 
colour is compound, that ib to say, is composed of all 
possible wave lengths of light with the exception of the 
one, the effect of which haB been destroyed by the lag of 
one ray behind the other. This lag or retardation may be 
expressed generally by the formula 

R «*■ mA.(2) 

where “ m ” is the order of the colour the wave length 

Retardation ..j Stress. 



of which is equal to A. A is measured with the fixed arm 
spectrometer and “ m ” in the ordinary way would be 
equal to $ or a multiple of J. In the arrangement of the 
apparatus as used, the light uas made to pass through two 
crossed ninol prisms besides the celluloid specimen. The 
last prism, known as the analyser, retards the light by an 
additionalJ wave length, which thus causes interference to 
take place at a whole wave length. The value of *'•»*' 
then becomes 1, or multiples of 1. If the nicols are rotated 
■o that their vibratory axes are parallel, the effect of this 
additional } wave length is counteracted. 

This method of measuring retardations has been found 
in practice to be reliable and accurate. In the remarks 
on apparatus it was stated that readings to plus or minus 
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2/i/i were possible, thus for the “first order” the 
retardations can be obtained to plus or minus 2 in 689 /*/*, 
taking 1 the wave length of sodium light as the basis. Again 
tor a higher order, say 4, the retaidutions would be within 
plus or minus 8 in 2,366 /* g (4 x 689). For yet higher 
orders this accuracy is hardly maintained on account of 
the dispersion of the littei ference bands which make it 
more difficult to judge the position of their centres. 


Retardations mJ Tensile Stress. 



The difference lietween the two indices of refraction, 
or birefringence, can be obtained by equating the above 
equations for retardations. Its value for the Mica used 
in these experiments is 0'0056 and constitutes one of its 
permanent properties. The birefringence of celluloid on 
the other hand is not constant and is proportional to the 
difference of two stresses P and Q acting at right angles 
to each other, or more simply, as one of these stresses, 
(Q) is sometimes small, proportional to the direct stress 

(P). 
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Relation between Retardation and Stress .—The image 
of the specimen under a direct tensile or compiessive stress 
was focussed on the slit of the spectrometer. The times, 
loads, wave lengths, and older*, for the tensile test, were 
all noted as leoorded in Table IX The readings for 
loading with the mcols clothed, weie alone used to obtain 
the curve of Fig. 10. 

Table X and Fig. 11 give the conespondtng measure¬ 
ments and curve for the ccinpiession test and on Fig. 12 


* 

Retardation Compressive Stress. 



600 1600 2400 3200 

|| Ik pr ^ In 


the two curves are re-drawn on one diagram? reference to 
which will again be made. This diagram clearly shows 
that the rate of increase ot retardation with stress is 
greater for compression than ior tension, a result which 
has a very important bearing on optical stress measure¬ 
ments. 

By taking the values of the retardations from the 
equations derived from these curves, vie., 

B<b> 0‘49/ > —20 for tension (Fig. 10) . (8) 

R=(K>8/+36 for compression (Fig. 11) , (4) 

and substituting them in the birefringence equation (1), the 
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difference* between the indices of refraction for either 
tension or compression “B t ” and “B f ” can be found 
for any stress within the range of these experiments. 


Table X.— Retardation and Stress Compression Experiment, 
17 th October, 1022 . Speoimon, 0 277 x 0 168 . 


VOOllllAl 

Aotaal 


< 

feaatut cl 


Stria* 

Btrws 

RaUnUU otm 




Basurka 

Its f%q la 

Lba/aq in 

Nora 

A at 

Kami 


935 

996 

596 

3 70 

380 


Loading. 

1,108 

1,105 

692 

3 75 

348 



2,040 

2,870 

2,100 

1,192 

350 

336 

349 


2,430 

1,335 

346 

3 38 


* * 

2,970 

3,030 

1,789 

3 60 

3 52 


tt 

3,480 

3,540 

2,077 

355 

3 61 


1 »• 

2,£10 

2,270 

1,385 




Unloading. 

1,700 

1,760 

1,192 




ess 

095 

692 





696 

655 

596 

1 






Table XI. —Beam Experiment. 


8 tn« 

lh*Mq Ina 

TeadU 

Ratardttlon 

Cl 

OotBproasiT* 

Oc 

200 

100 

300 

135 

3-74 


216 

320 

243 

300 

600 

325 

3 20 

377 

3-74 

800 

411 

306 

459 

3 42 

1,000 

569 

3 37 

608 

360 

1,300 

670 

334 

706 

3*50 

1,400 

715 

304 

820 

3*45 

1,600 

8S8 

3 10 

941 

3'60 


Mean 

3 16 

• 

3'87 


Thus:— 

Bt -(049/-20) 1 fd .(6) 

B f -(OW+35) 1 Id .<fl) 

where “ f ” is the nominal stress in lbs./eq. inch, and 
d *= thickness in inches. The fact that neither of these 
corves posses through the origin indicates initial retarda- 
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tion-stress. If this initial* stress be added algebraically 
to the nominal stress, the actual stress on the material is 
obtained. These lattei plotted against retardations are as 
given in Fig. 12, and the modified birefringence equations 
beoome 

B|*=(0 , 49/) 1 Id .(7) 

and 

1/d.(8) 


Retardation Stress. 



As retardation is equal to the birefringence multiplied 
by the thickness, and the birefringence is directly 
proportional to the actual stress, it follows that the retarda¬ 
tion is proportional to both stress and thickness; 
introducing a constant, 

R-C jfA . (9) 

where " 0 ” is an optical constant, “ f ” is the stress and 
“ A ” the thickness. 

* If vniforu ooloor, at no load, Indies to* tulform initial stress, than 
most bo an oqml and opposite strsos somewhere ia nateriaL QptfaaOlr 
this letter is Tory indefinite. 
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If ( f lepiesents the nouwiml stress tl cn tlie two 
constants and ( c vary slowly with the stress, but if 
/ is the at tual stress on the material then l* aie C« are 
art true (oristmts with the \alues ot 2 % and 349 
re^pcntncly ste I ibUs IX and X 

It was consideied desirable to cheek these results and 
fot this purpose the tension ind compit&sion sides of a 
beam undei a unifoim bending moment were examined 
The retaiditions wok again metsiued with the help of the 
specti orach r but in a slightly modified form the vanous 

Beam 0 ) Experiment. 

l*M* a 6 6 Ibi ini 

Strait— lb* par m Ordari 

3800 2400 1200 0 1 2 3 



positions in the beam being lead off a scale filled in the 
eye piece I lg 13 indicates both the letaidafion and stress 
curves from which the points with the distinguishing marks 
in Fig 12 were obtained (beam 1) Both the tension and 
compression points lie dose to the lines plotted fiom the 
direct measurements and another set of tensile values are 
als^mdicated taken from a later experiment (beam 2) ua 
wtaeh the retardations were obtained by the Mica Wedge 
Method 99 Further < onfinnation is furnished from the 
ftpenmente oi Prof E G Coker, D Sc, PBS, uu} 
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K. C. Chttkko, M.Sc , as described in their paper entitled 
“ The Stress-Strnm Properties of Nitro-Cellulose and the 
Law of its Optical llehavioui.” 3 The uniform bending 
moment of 198 lb.-inches was selected os the necessary data 
is given for obtaining the retaidations. Fig. 14 has been 


Order* Slrto tin f»r tq In 



plotted from these values After the same restrictions 
were applied as those imposed in the author’s experiments, 
vis., that no stress above 1,600 lbs. per sq. inch be con¬ 
sidered, and that the stress up to this value be taken as 
being proportional to the distance from the reutral axis, 
then 2 61 and 2'96 are the values for C» and C« which 
gives a ratio of 0‘885 as against 0 85 the ratio of the values 
obtained from the direct experiments of Tables IX. and X. 
and the ratio 0*885 (3 16 to 8 57) from the beam experiment 
of Table XI. It was not to be expected that the intrinsic 

* 8m Phi/. Tran*., unm A, roL SSL 
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valueb of these constants C| and C« would he the same with 
the different materials, but the fact that their ratio is 
practically the same, is a strong confirmation that the 
optical properties differ far tension and compression. 

NoU. —Tho unit* in tho aquation R - l .f.d, m m follows — 

“ R " ii in /t/i units. 

“/” i* in lbs psrsq.inob. 

“ d ” is m mohss. 

The late of loading was not as regular as could be desired 
especially m the direct compression experiment as the 
apparatus had to be adjusted in order to obtain uniform 
stiess as indicated by uniform colour. 

V.—Stress Measurements. 

There are several methods by which stress may be 
obtained. All depend upon the principle of annulling 
retardations, 

(1) The method which has been greatly used 4 employs 
a standard tension specimen made from the same material 
as the specimen under examination. In this the retarda¬ 
tions in the standard and specimen will annul each other 
if the direction of the tensile stress in the standard is 
arranged to be at right angles to the tensile stress, or parallel 
to the compressive stress, in the specimen, m the case may 
be. This method will he referred to as the “ All tension ” 
method. Before stress determinations are possible two 
important conditions must be fulfilled. They aie:— 

(а) That the properties of the material of the standard 
and that of the specimen must be identical, and 
that the thickness of both specimens must be the 
same 

(б) That the rate of loading of the standard is the 
same as the rate of loading of the specimen. 

With reference to (a). If tensile stresses are to be 
examined by a tension standard then this condition can be 
fulfilled, but if a tension standard be employed for tbe 
examination of oompmu«ive stresses, this condition can no 

A ' Bm PhiL Tram., mHm A, voL 331, and other popots by Prof. 

*B. 0. Cokor, P.R.S. f 
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longer be satisfied. Th£ properties of the material in the 
standard and the specimen now differ and their thicknesses 
are unequal. The chauge in thicknesses is very small and 
can be neglected ae a first approximation. The difference 
between the optical properties us shown by the values of the 
constants Cj and C t are to great to be neglected. The 
method of averaging them is not recommended, although 
this reduces the error on the compression side, it introduces 
an equal erroi on the, otherwise correct, tension side. 


Distribution of Stress * Beam. 
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Fig. 15. 
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The following correction, if applied to the compression 
Bide as examined by the “ all tension ” method will give 
as accurate results as for the tension side. 

Fig. 15 is the result of an experiment made on a beam 
of 0'75 by 0‘17 inches supporting a uniform bending moment 
of 56 lb.-inches. It has been shown that a greater tensile 
than compressive stress is required for the same retardation, 
and further that these are then in the ratio of the constants 
C| to Gc, 2*96 to 3*49. If then oomprested retards* 
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tioiu be annulled with a standard tension member (the 
retardation in both standard and specimen being of the 
same value), the stress as measured by the load on the 
standard, must be reduced in this ratio. Curve “ A M in 
the figure shows the compressive stresses as obtained by 
the “ All tension ” method, and Curve “ B 99 these values 
corrected in the ratio of 2 96 to 3'49 It is seen that the 
curve, so altered, is now continuous and symmetrical. To 
check this distribution of stress this continuous curve was 
integrated, with the result that the internal moment of 
56*6 Ib.-inches was obtained, as against the applied bending 
moment of 66 lb.-inches. 

A very important and fundamental principle is involved 
in this experiment. In the previous beam tests the stresses 
which correspond to the measured retardations were confined 
to values within the elastic limit, but in the direct tension 
and compression tests (Figs. 10 and 11) the stresses were 
much higher, in fact were taken to values approximating 
to double this value. It is seen—and this is the important 
part—that these higher stresses are still linear with the 
retardations. How far this law actually holds the Author 
has not as yet attempted to discover. In the beam test of 
Fig. 1ft the parts of the curve for stresses in the neighbour¬ 
hood of 1,600 lbs. per sq. inch, begin to bend more and more 
inwards as the outer edges of the beam are approached. The 
retardations at these places in the beam have been annulled 
with a standard under direct stress, which stress has been 
proved to be linear with its own retardations, hence the 
retardation at any point in the beam must also be directly 
proportional to the stress at the stfme point. From the 
bends in the symmetrical curve of Fig. 16, it therefore 
follows that the stresses beyond 1,600 lbs. per sq. ineh are 
not proportional to their distances from the neutral axis. 
Thus a wide field is opened up for determining the 
distribution of stresses wbirh exceed the elastic limit. 

(b) The second condition can only be partially satisfied 
in tests other than simple direct stress determinations! 
which are very seldom required in practice. When a beam 
is loaded the extensions of its various layers are subject to 
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time; the longer the load is applied the greater these 
extensions become, unless the point oi equilibrium has been 
reached. It the retardations in the beam are annulled with 
a celluloid standard, the time intervale of loading of the 
lattei can ouly be the same as that of the beam for the 
first application of the loads. With an additional load 
applied to the standard it is by no means certain that the 
proportion between the resulting retaidation and the new 
stress in the standard will be the same as the proportion 
between the equal and opposite letardation in the beam and * 
the conesponding stress in the beam. By delaying the 
readings until three or four minutes after loading the 

Distribution of Stress ,«» Beam. 

Unhr Uniform RtnJing Moment 



0 1000 2000 3000 4000 

Fig. 16 . 


standard, the effect of unequal time intervals is reduced. 
This will be better understood if reference is made to the 
curves connecting 1 extension with time at constant stress 
(Section I.), where it vs ill be seen that the greater portion 
of the extension has already taken place for similar periods. 

(2) The next method of measurement is the same as that 
adopted in the earlier experiments. This consists in annul* 
ling tensile retardations with those of a tension standard 
and annulling compressive letardations with those of a 
compression, standard Fig. 16, the result of a beam test 
carried out on these lines, shows that the tensile and 
compression portions of the stress distribution curve an 
continuous and symmetrical. Although this method satisfies ( 
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condition (a) it is very difficult to control, and baa the 
disadvantage of having to alter the testing machine from 
tension to compression to accommodate the two standards. 
To satisfy condition ( b ) similar precautions to those adopted 
in the “ All tension ” method have to be taken. 

(3) Direct measurement of retardations with the 
spectiometer are only possible in simple cases of stress 
determinations and for the more complicated cases the two 
following methods give good results. 

“ The firit ” depends on annulling the retardations in 
the specimen by means of the retardations of Mica sheets of 
definite thicknesses, and will he referred to as the " Mica 
Wedge ” method. The relative retardation of each sheet 
a as very accurately measured, care being exercised to 
oorrectly orient each sheet at 45 degrees with its extinction 
direction. These sheets weie substituted for the standards. 
The advantages of the “ All tension ” method were thus 
retained, with the additional gain of having a real standard 
the properties of which are constant and entirely indepen* 
dent of time; by the simple process of placing these sheets 
over each other, the retardations may be added, or 
subtracted, according to whether the sheets are arranged 
parallel to, ot at right angles to, their edges, which were all 
cut at 45 degrees to their extinction directions. On several 
of the figures will be found points which have been obtained 
by this process and aie given as affording another check on 
the work By judicious selection of the various thicknesses 
the interval in the value of the retardations which these 
plates will give can he made as hraall as necesaaiy and it was 
found that intervals of 100 p were sufficient for most 
purposes. If the object of an investigation is stress distri¬ 
bution it is not imperative to know the proportion between 
retardation and stress, if, on the other hand, the actual 
stresses are required, then experiments similar to those 
already described for direct tension and compression, or 
beam tests, must he made with the same material—if 
possible with the same specimen. Often, however, the 
retardation or stress is wanted at some particular place and 
the mica sheets available have not the requisite thicknees. 
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In “ the tecond ” method this difficulty M removed by 
adopting what may be termed the “ Single Mica Sheet " 

Ta BLB XII — Bbtardatioks amd Akulb or Ik* idbhob fob Mioa Shut 
(U + U) BOTATBD ABOUT 0 AI IS, $TH JANUARY, 1923 


Indues of refraction of mioa used—a -l 5609, 0=1 5941, y -=1 5997 
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— 
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— 
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Tabjb XIII —Rbtardatiows akd Akolb of Ikudekcb fob Mt^a Shut 
(11 + 11 ) BOTATBD ABOUT j AVIS, 28 tK JaKUAB\ 1923 
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0* 
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1 863 

10 
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24° 
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2,670 

40° 
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4,010 

80* 
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7,900 
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— 
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method. By rotating a mica sheet about its ( 7 ) vertical 
axia or its (/9) horizontal axis the uniform colours (retarda¬ 
tions) alter, increasing m value in the former oase and 
decreasing at first in the latter case, and then after a certain * 









364 


angie known ah the optic axis angle m air has been reached 
lurre^mg m vilue until it becomes larger than xU noimel 

Variation »i Retardation. 

*ngU IftciJtitl 



Variation i Retardation »«k Ancle.) Incident Ucmv. 



value Tables XII and XIII and Figs 17 and 18 give 
the values and curves obtained both from experiment and 
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calculation, the latter from the theoretical laws given telot, 
'for which the Author is indebted to Mr. B. Gk Lunnon, 
M.A., B.Sc. It is these laws of which the birefringence 
equation ( 1 ) is a special case. (See Appendix I.) 

By mounting the mica sheet on a universal stand in 
whioh angles can he measured to one minute or leu, 
continuous values of the retardations to practically any 
desired accuracy can be obtained. By this simple means 
retardation measurement is reduced to the extremely 
convenient operation of measuring angles. 

VI.— FuBTHBtt Optical PnOFRHTESS. 

The similarity of the phenomena when stressed 
celluloid or mica are examined under polarised light led 
the Author to conclude that there must be some closer 
connection between these substances than it was customary 
to think. Mica ie a bi-axial crystal, which means that it 
possesses three principal indices of refraction a, ft and y, 
a being the least and y the greatest, ft being of an inter¬ 
mediate value, the nearness of which to the others deter¬ 
mining the sign of a crystal. For instance if the value 
of ft is nearer to that of 7 , as in the case of mica, then 
the crystal is negative, if on the other hand ft is nearer 
to o the crystal is positive 

With strained celluloid the problem resolved itself into 
two parte (1) To discover if it behaved optically as a bi¬ 
axial crystal, and if so ( 2 ) what measurements could be 
made to substantiate this. The most obvious, vis., to 
measure the three principal indices of refraction is 
extremely difficult, but nevertheless, is being attempted 
for a reason which will become apparent later. 

The next attempt made was to examine a piece of 
strained celluloid under convergent polarised light. This 
actually showed that the particular specimen used behaved 
&b a bi-axial crystal. The characteristic figures, however, 
were very indistinct, and all that could be said we* that 
the “ brushes ” moved in the correct manner. 

tfhis was quite sufficient to indicate the pretence of 
the two optic axes, and it remained to devise menu* by vrfttyh 
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the angle between these could be estimated The definition 
of an optic axis tii —that direction m which light passing* 
through a crystal suffers no double refraction—suggested 
the following method which is very similar to that whieh 

Variation j Optic-Axis Ancle. 

w tk Strut or Retard*! on 


T«n» U T«»l Sf« kiwi Mt »l Tint** 




had already been adopted for measuring the retardation 
variation with the angle of rotation in the single dm 
•heat experiment 

A beam of parallel polarised light was arranged to fell 
On the specimen of strained celluloid m increasing angle* 
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of incidence by rotating tbe specimen and in the potations 
of maximum darkness tbe angles were noted These 
positions of maximum darkness correspond to the directum 
of no refraction * e to the optic axis angle It was lound 
that theee angle altered considerably with stress, the 
alteration being very rapid at first 


Tabu XIV —Optic Axis Axolb ahd Load 
TomUb Tart Speoimen 0 864 x 0 17 inches 
Material with initial tenaion 


Obs Afltfe 

Load to lbs 

Remarks 

37* 

0 

Initial state of material 

38® 

4 

The load was applied m the 
same directum as the initial 

40® 

0 

stress 

40® 

10 



The first qnantitatiye experiment made was with a 
standard tension specimen the material of which possessed 
an initial tensile stress Fig 19 and Table XIV show 


Tabls XV<—Orno Axo Asa lb axd Load or Bbtabdatiok 
Bending Test—Specimen 0 70x0 17 
Material with initial compression 


Oto. lasts 

Wt to tbs on bsaas 

UltMditlflB 

Bssttifcs. 

46® 

0 
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Compression 

00® 

1 

335 


20° 

1 

175 

Tension 

47® 

3 

310 


54® 

3 

470 


04* 

4 

003 



how tbe angle changed as the tension increased In tkfc 
experiments only half the ansfies between thesopue a&M 
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wort* measured as the uhole angle is symmetrical about the 
normal position and are iecorded thus in the Tables 

The se ond expeinnent was made with a beam having 
initial compiession Both the (omprebsion and tension aides 
uere examined at paitirulai distances on either side ot the 
neutral axis, and all measurements given in Table XV refer 
to these two positions 


Variation of Optic Axis. 

With Load or RsUrdation 
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Specimen with in'li*l 
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The increase uf sties*. was obtained by increasing the 
bending moment on the beam and the retardations ware 
measured by the mica wedge method It was found that 
the optic axis angle for the tension side was in ft plane at 
right angles to that containing the optic axis aggie for the 
compression side This fact not only strengthens the 
argument that strained celluloid behaves as a bi-axial 
crystal but places the phenomena amongst those belonging 
to crystal*, the axial planes of whioh are inverted under 
suitable abnditions Figs 20 and 21 show the wines 
obtained Ijy plotting the measured angle against either 



the load on the beam or the retardations On the figure# 
small diagrams are added to show the relative positions 
of the incident light and the specimen 

Variation o» Optic-A xis Ancle. 


w th Stress or Retarget on 
Beam Test (Tension s ds only) 
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As a check on this important result the same specimen 
was used m a direct tension experiment The toads 
put on at first so that the initial compression was qjbwfat 
reduced until quite counteracted Fig 32 the resulting 




300 


curve u obviously of the same character aa that already 
shown Further, the secants of the angles are plotted 
against the load in lbs with the result that two straight, 
or approximately straight lines are obtained and the 
interesting fact emerges, that the inclination on the tension 
side is greater than that on the compression side, a similar 
conclusion to that already obtained from the direct tension 
and compression tests of Figs 10 and 11 

The third and final test was a re-trial of the beam 
experiment usmg again the same specimen with initial 
compression In this the actual retardation measurements 
were made for the tension side only of which Fig 24 is the 
graph Another curve is given m Fig 23 in which the 
angle is plotted against the various positions in the beam 
By connecting tbe information from these two independent 
experiments, the required relation between retardations and 
the angle is obtained and is given in Fig 26 where it is 
seen that the curve is beooming leu steep as the value of the 
angle increases 


lau XVI —Omo Axis Axou in Loss 
Tension Test —Spsoimsn, 1'xO 17' 
Material with initial nompra—ion 
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Prtitmnary analytu of the laet three e»pervmentt++~ 
Bsd it been possible to have measured the three principal 
indicee of refraction for the different stresses the various 
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values of tiie optic axis angle in air could have been, 
checked from the relation 

Sin E «■ a *s/ 

y»- a* 

where “ E ” is equal to one half of the optic axis angle in 
air and *, ft and 7 are the three indices of refraction which 
liter with stress 


Tasli XVII — Onto Axis Amoli and R*t audition 
Be*m Te*tt Speoimen 1'xO 17' 

Material with uatial ooraproMion 
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YII —C0MCLTT8IOW8 

(,1) In the transparent substance celluloid strain is not 
only a function of stress but is a function of the tune the 
stress has been applied 
(«) X-A+B<* —f{t) 

gives the extension after the load has been applied " t ” 
minutes, the tune being reckoned from the instant that the 
fall load has come upon the specimen A is a constant 
which may be looked upon as the instantaneous extension 
under a given stress If the corresponding value of 
Young's Modulus be taken “ A ” may be calculated in the 
ordinary way " B ” is another constant and aeema to 
depend upon the magnitude o! the difference of stress while. 
" » ” seems to he a» 4 rue oonstant, whose value as given by 
these experiments is equal to 0366 f(t) it some funcfami 
of the tune whose value is as yet indefinites 










(b) R-X-C p 

gives the contraction (recovery) after the load has been 
removed “ t ” minutes. “ X ” is the extension from which 
recovery commences and “ 0 ” is a constant which appears 
to be independent of stress. is another constant 

whose value is equal to 0 * 86 . 

It should be noted that “ X ” and “ R " give the 
inorease and decrease in extension with time for a series 
of consecutive loadings or for a single loading. 

(2) Extensions and contractions are proportional to 
stress only after equal periods of loading or unloading. 

(3) The value of Young's Modulus depends upon the 
previous treatment of the mateiiol. Generally it decreases 
with use, but in any given experiment the unloading value 
is greater than the loading value. 

The maximum variation obtained in the experiments 
was —28 8 per cent., and applies to the period covering the 
three experiments. In the third experiment alone, the 
maximum variation was 8'4 per cent. 

(4) Stiess and retardations are linear for equal intervals 
of time. 

( 6 ) The proportionality of stress to retardation differs 
for tensile and compressive stresses. The ratio of the 
optical constants Ci to C, has an average value of 0*866. 

( 6 ) The “ All tension ” method for compressive stress 
determination must be corrected in the ratio of the 
constants C» to C„ 

The effect of time can be reduced by delaying taking 
observations until a few minutes after loading. 

(7) The substitution of Mica for the material of tike 
“ standard ” leads to accurate measurements of retarda¬ 
tions. If the law of stress-retardation with time be known 
from direct experiments, determinations of stress for com¬ 
plicated cases are possible. 

( 8 ) The “ Single Mica Sheet ” method is an extremely 
sensitive and accurate way of measuring retardations. It 
possesses the enormous advantage owsr other methods in 
that the values of the retardations may be checked bar the 
physical laws given in Appendix I. 
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It also possesses the asset of simplicity as retardation 
measurement is reduced to the mere process of measuring 
angles. 

(9) Strained celluloid behaves as a bi-axial crystal. 
This follows fiom:— 

(a) The movement of the “ brushes ” when viewed 
under convergent polarised light. 

(b) The presence of the two optio axes and their 
measurement at oonstant and varying stress. 

(e) The inversion of the optic axis plane in passing 
from tension to compression. 

Another confiimntion may fallow from the measurements 
of the principal indices of refraction. The optio axis angles 
calculated from these should check the values found by 
experiment. 

The importance of finally establishing the behaviour 
of strained celluloid when examined under polarised light 
cannot be over-estimated. Routine work for Engineering 
purposes cannot proceed with any certainty until the 
probable errors of the various methods are better known 
and appreciated. 

The Author wishes to state his great indebtedness to 
Prof. Enganeer-Oommander C. J Hawkes, R.N. (retired), 
M So., for granting the necessary facilities and to many 
other of his colleagues of Armstrong College in the 
University Of Durham, especially to Mr R 0 Lunnon, 
M.A., B So., for their kind help and criticism as the work 
proceeded, and finally to his Senior Students particularly 
to Mr E. W. Houston, B Sc., for his enthusiastic help in 
taking the necessary readings. 
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APPENDIX I 


TbMHUTIGAIj RbLATION MTWBB5 Rrabdation akd HI AlTttLB OF 
IVOTOSHT OF POLAUSXO LlOHT FOB MlCU 


d — thickness of mioa shoot in m m 

p 9 kp 9 mdioos of refraction for extraordinary ray and ordinary ray 
relatively 

$kff - angles which ray paths in mioa sheet make with normal 
R - Retardation 

then R ■■ d[/* # seo 0 ^seo d 1 - sini (tan $ tan# 1 )] 

When the mioa sheet is rotated about its 0 axis and from fcletoher s 
indioatru (ellipsoid of mdloes of refraction) 




_ « 7 

s/(y a )sin 0 1 + « B 


for which sin $ 


V « 7* 


a sin i_ 

sw »(t* - a 1 ) 


Again sin $ - where 0 


sin $ m where - index of refraotion whioh is varying with 

“i 

Ihe angle of incidence 

When the mioa sheet rotates about its y axis 

R m a [/*, seo — 7 see #— sin * (tan $ - tan#)] 
asm 1 


where sin# — 


Vo 0 — sm" 1 (0* a 1 ) 


UO 0 whore 7 - /V 

«m 0 ■ ■where /*, ■*> index of refraction whioh u varying with 

n 

the angle of Inciden ce 
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THE BIOLOGY OF THRINAX MIXTA KL AND 
T MACULA KL 

Br A. D PEACOCK M 8a 

£R#oe red July 1923.) 

In the Entomologists Monthly Magazine oi July 19,20 
the late Dr Chapman gave notes on the hie history of 
Thnneus mixta the larvsB of which had been obtained at 
Albnry Surrey Since then I have found it and its near 
ally / macula m the North of England and have reared 
both species but while certain oi my observations corro 
borate or supplement Dr Chapman a many new features 
have been noted 

Larvae of both species were found in good numbers 
generally—as many as 8 10 at one beat from a clump—on 
Athyrvum feltx fenm.ua as follows — 

June 9 1021 1 in th« grounds of Ravenswocth Outle Co Durham 

Jane 14 1021 e few epeounene in • mixed wood at Wmlutoa Mill Oe 
Durham 

Jane 19 99 1991 m i pme wood on Boughalde Moor Oo Durham 

Jane 91 1931 m a mixed wood at Pradhoe Hell just an the North 
umber land side of the Northumberland Durham border 

Enslui states that the development of Thnnat species is 
unknown so that Dr Chapman e and many of my noise on 
mucta are new as likewise are mine on macula the larva of 
udueh according to the same authority is unknown In 
view of the significance of these facts to the collector and 
systematist I deal first with the differentiation of the two 
types of larva hut as my rearing experiment* were pn%Mr< 
pally conducted for obtaining oytologioal material I am only 
able to treat of the matter briefly and generally 



DronBHnAfzoir of vhb Lakta 


mxia 

Colour Hood dorsally blaok, 
smooth, polished but 
posteriorly with a air 
row lighter region to that 
the posterior edge of the 
bUok presents two large 
semioiroles, one on either 
Bide of the middle line, 
front aspect blaok except 
for olypeui and oheeki, 
which are very light 
brown, and the labrum 
which u light brown, 
eyee blaok 

Body dorsally green, lat¬ 
erally and ventrally al¬ 
most white, rump has 
two large blaok spots 


Site Full grown, 20 mma long, 
2 5 nuns broad (Of 
Chapman, who gives 21 
mm* for a large speoi 
men) 

Pupa About three day* before 

turn bun owing the middle 
oolour thud of the body showa 

change br o wn owing to oolour 
of fat body 


macula 

Head light brown, eyes blaok 


Body dorsally a soft, somewhat 
light green, the got when loll 
showing dark green along the 
middle half of the beck, laterally 
(through lens) very light yellow, 
almost white, ventrally almost 
white, no rump spots 

Fall grown, 15 mms long 2 mms 
broad 


Dorsally—anteriorly and poster 
lorly for about one fifth of length, 
a slaty green, median portion 
brown owing to oolour of fat body, 
laterally and ventmUy pale, slaty 
blue while, in addition, due to 
oolour of fat body, the belly may 
appear suffused with pink whiob 
gives it a pale lilac ooloot 


The characteiistic points of differentiation are the 
presence or absence of the double semi-circular border on the 
occiput, the suse, the colours during feeding and just prior 
to pupation, and the presence or absence of the two black 
jjrump spots 
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Lot Hutobt 


Da.tea of infgfaml emer 
gnoe 

No of eggs per female 
Incubation period 
Uml period 
Papal period 
Longevity of imago 


mMfa 

Prom April SO May 8, 1928 
20 SO 
10 daya 
1G II days 
10 11 months 
$7 11 days 
£8 


moottfs 

May 8 17, 19SS 
t 

8 days (1 experiment) 
17 days ,» 

10 10} months 
911 days 


I rom this summary and other facts to be noted, mixta 
and macula are obviously “ parallel species M such as exist 
among the Lepidopteia, e g , the autumnal moths Oporatna 
dilutata and O autumnata and the daggers Acmyota 
tndms and A psi 

Technique In these breeding experiments the collected 
larvae, which were mostly well advanced were easily reared 
on cut fern placed in water kept m glass jars having the 
open end covered with fine muslin When the larvae were 
judged full-grown a mixed litter of dmip peat, coconut 
fibre and sand and pieces of soft wood were placed in 
the real mg jar, both materials being used m case the 
larvie had a particular preference A few specimens of 
|both species did make use of the litter and metamorphoeed, 
but the greater majority used the wood The wood and its 
contained larva were kept in dosed glass jars or tins over 
the winter At the time of imaginal emergence the local 
ferns were still uncurled but potted plants each covered 
with a large glass vessel proved quite suitable for experi¬ 
ment Both species proved readily parthenogenetic 

Egg-laying and Incubation So far as observations 
went there seems no great differences between the species 
The female takes its position on the under side of the leaf 
of the uncurling fern—this surface, of course at this 
period being the extenor portion of the leaf—and bends 
Hie posterior half of abdomen almost at light angles to 
the rest of the body The saw is protruded in a direction 
almost in the same line as the long axis of the flexed pee* 
tenor of the abdomen and the act of sawing is deliberate, 
somewhat slow and is assisted by lateral abdominal zaov#t 
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ments. This method is different from that used by such 
slit and groove-making' saw-flies as I have observed in 
which the saw is like a radius the tip of which moves in the 
arc of a circle. The reason for this difference is apparent 
when one observes that the egg is placed in position in a 
peculiar manner. The procedure is that a very short slit- 
like perforation is made m the main vein, 01 one of its 
branches, from the under surface so that the fluid egg is 
almost entirely expressed through the hole and comes to lie 
in the upper (inner) face of the leaf. But, when most of 
the egg has been passed, the withdrawal of the ovipositor 
is made in snch a way that a small portion of the egg is 
retained and nipped in the slit. This portion resembles in 
profile the ballast-keel of a racing yacht. Dr. Chapman 
had evidently not witnessed this operation for, while he 
reoorded this curious relationship between egg and leaf, his 
suggestion of how it comes about was e rroneous. The 
rationale of the mechanics ir explained therefore by the 
facts that the “ saw " is used more as a “ borer ” rather 
than a “ slitter." 

Two curious features present themselves therefore, 
firstly the “ placenta-like " relation between egg and leaf 
to secure osmosis for the incubational swelling and, 
secondly, the protection of the egg, in the early period at 
least, by the folds of the leaflet instead of by the internal 
tissues which surround the egg laid in a cavity of leaves as 
in so many other species. 

The dimensions of the newly-laid egg of macula are: 
long axis 1*6 mm., broad axis 0*7 mm., side to side axis 
0*7 mm. The egg towards the end of incubation may 
attain for these axes respectively 1*75 mm., 1*2 mm. and 
1*0 mm. (See Figs. 1-3.) 

The incubation of macula is illustrated on page 868 and 
•hows the shape and the positions assumed by the embryo 
at various stages in development and also the great increase 
in volume <J? the egg during the process. The stages oould 
he distinguished quite clearly with the aid of a binocular 
dissecting microscope during the fixation of the eggs in 
tferaoy’s fluid but, as the fixative appeared to shrink the 
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specimens—the embryos at least—their actual dimensions 
should be a little largei than those figured the embryos too 
become detached from the shell usually Unfortunately I 
was unable to obtain full data relating to the ages of ther 



lias 1—I Eggs of Thnnax martto showing is profile stags* in development 
interior toleft posterior to right rig 1 newly laid egg showing 
tapered upper pole and anohoring pkooees oompUtely filled w th yolk 
Fig 9 Mg oontelmng drrrioping embryo nearly surrounding the roridoal 
yolk; fixation has shrunk the embryo away from the shall Fg S larva 
m egg nearly ready for hatohing the posterior abdominal segment almost 
hides the heed Vote in S end 3 how the egg has increased fit rolnme. 
Fzo 4 Larra seeling month of borrow 

Fzo B How the sealing membrane is laid down The dotted tinea repr—nt 
roughly the position of the membrane margin at wooes si vs stages the 
inner eooentrically plaoed eirole is the last area to be sealed. 

eggs concerned It should be noted that on laying the 
yolk alto fills the egg peg but disappears front It aa 
development proceeds The orientation of tftS egg anS 
imhryo may best be discussed in relation td'the shape of the 
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egg and its peg; the anterior of the egg is the region in 
which lies the anterior of the embryo, the peg at this aspect 
having almost a straight edge; the posterior of the egg 
bulges outwards and contains the posterior portion of the 
embryo while the posterior edge of the peg is convex. In 
profile the set of the egg on the peg resembles that of the 
human head on the neck; the rounded point of the peg is 
directed downwards and somewhat anteriorly. In one 
instance the embryo occupied a reverse position in the 
shell, and in my only example of mixta the embryo lies 
upside down with the head end directed anteriorly. How 
far this is typical of mixta I cannot «ay. 

Lcrrval Life. The newly hatched larva of miata has a 
dear translucent head, black eyes and brown-tipped mouth 
parts; the body is opaque white and dorsally, along the 
middle third of the gut, there is a streak of orange marking 
the position of what is probably lesidual yolk from tbe egg. 
In my experiments, despite the facts that the living plants 
were covered by glass vessels and undisturbed except for 
daily inspection, a large number of young larvea died _ 
through falling from the leaves to the soil and there drying. 
This feature I have observed to occur in other species in 
the early part of the year, t.g., Pnttiphora palhpes and 
oonclude that, if this is what happens under sheltered condi¬ 
tions, the mortality in nature from this cause must be 
considerable. 

On one occasion when unfamiliar with their habits, I 
witnessed a striking and curious phenomenon in one of the 
large breeding jars where about 50 larvn were reared on 
fronds of fern. Chancing to look at the jar one afternoon 
I saw the insects crawling rapidly in all directions on 
the sides of the jar and over the food plant in a high state 
of excitement—feverish it seemed. As they were well- 
grown and declined to feed I surmised they were in a 
migratory and pupation frensy, so placed pieces of ►oft 
wood in tHe jar. The larvae immediately settled quietly 
on the wood nnd commenced boring. 

The interesting operation of boring was observed in the 
case of macula. Two larvae commenced tunnelling a piece 
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of soft beech in the morning and after about 7 hours had 
excavated to such a depth that only their rumps were show* 
in#. A few minutes later one was in a reversed position 
working with its mouthparts at the entrance to the burrow; 
the other did not i averse until 2 hours later. The precise 
method of reversing-1 did not observe but it waB so speedy 
that 1 am inclined to think that the larvs? turned in the 
burrows and did not forsake their shelter at all. Once only 
one of them retreated until its posterior half protruded but 
possibly the movement was only for the removal of saw¬ 
dust. After reversal one larva put finishing touches in 
shaping the mouth of the burrow and then proceeded to seal 
it. These operations were obseived with a binocular dissect¬ 
ing microscope. The caterpillar nibbled and undercut the 
wood just inside the mouth of the tunnel, the sawdust being 
stored in the phaiynx. Silk was next extruded from the 
labial pap and, simultaneously, comminuted wood extruded 
from the mouth and, by the working of the mandibles and 
maxilhc against the flattened labrum, all the mouthparts 
fashioned a portion of a thin membrane of these materials, 
periodically the pharynx was replenished by freshly nibbled 
wood. During the final stages of plastering the membrane, 
when the aperture was becoming very small, the arrange¬ 
ment of the mouihparts could be seen at times in front 
elevation, and this permitted one to observe that the wood 
and silk were admixed for plastering. How far this happens 
during the initial stages of sealing I did not observe, and it 
is quite possible that the silk may then serve as a support or 
cement for the regurgitated particles of wood. When the 
sealing membrane was being spun the head of the larva 
described the orbit of the burrow entrance but laid down the 
material in greater quantity at one region so that the small 
orifice left toward the end of the operation occupied an 
eccentric position. As long as it was able the caterpillar 
used the labrum, so admirably adapted as a smoother and 
flattener, outside the membrane but when the orifice left for 
sealing was too small to permit the labrum/s extrusion the 
method of completing the sealing could not be followed 
precisely bat it appeared as if the caterpillar just plugged 
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the hole. The burrow itself has a smooth lining in which 
silk can be detected and the smoothing of the burrow is most 
probably performed after excavation and before sealing. 
When the larvro were discovered to be wood bur rowers, my 
curiosity was aroused as to wliat happened in nature 
because, to the best of my recollection, one wood at least*— 
the mooi pinewood—did not contain any Boft wood suitable 
for pupation. Another visit, howevei, showed that there 
were fallen trunks in the right condition for boring, but they 
lay at distances up to and beyond 20 yards away from most 
of the clumps of fern on which the larvce fed. The ground, 
too, between ferns and logs was rough and uneven. These 
are fair distances and somewhat rough going for larvte to 
crawl and, unless they possess an instinct enabling them to 
find the nearest way—an instinct the existence of which I 
doubt—they may wander perforce much further before they 
stumble upon their resting quartern. But in view of the 
wild energy displayed in the rearing jar it would appear 
that such a migratory effort from food plant to logs would 
be within their powers. The rearing experiments, however, 
show that pupation in litter is possible so it is quite likely 
that the natural litter of the pinewood would also serve for 
renting quarters.* 

Pupaliov. The reiltn q period for thone 1921 larva* 
which hatched as iniagoe in the spring of 1922 proved to be 
10-11 months for vuxta and 10-10} months for macula. In 
the case of larvas reared in the laboratory daring 1922 and 
kept there over the winter the resting period would probably 
have been a little shorter—about a fortnight—because my 
dissections for eytologieal purposes made on March 20, 1923, 
showed the puptp to be so well-advanced that sperms had 
left the testes. (The laboratory temperatures, owing to the 
position and nature of the room were not above those of the 
outside.) This probability of early spring emergence 
receives corroboration from the fart that other experimental 
species, Pteronidea riberii and PritUphora poZftpes—-both 

* My frietuL Miss K. V. Ohewner, makts tbs useful suggestion that the 
kmnwr fa to the fen root*. 
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early spring emergen-—appeared a fortnight to three weeks 
earlier than last year. 

Deferred Emergence. Certain healthy males of mixta 
whose larval year class was 1921 were discovered changing 
to pup® in the larval skin and dissected on March 20,1923. 
A single larva of 1921 also was found but as the very small 
gonads were lost during dissection the sex was not deter¬ 
mined. Another larva of 1921 was still alive on July ll f 
1923, and, at this late date, iB hardly likely to emerge as 
an imago this year The larv© of 1922, the offspring of the 
1921 collection, were nearly all dissected (luring March, 
1923', hut, on July 11, 1923, 6 healthy larv© were found in 
wood. 

Concerning macula a female whose larval year was 1921 
hatched on May 3, 1923. 

Hence both species may rest an extra year before emerg¬ 
ing and one specimen of mixta shows every sign of resting 
two extra years. 

Imago . The dates and order of emergence of adults from 
the 1921 laxv© were as follows : — 


1922. mxta 

Apr 20 L fomftla. 1 male. 

May 2 2 female* 

## 8 1 female. 1 male. 

„ 6 1 female. 

» 6 1 female. 

„ 8 2 female*. 

1923. 

Mar. 90 1 male. 


1922 macula* 

May 8 1 m^lr. 

Iff 1 female 

,, 17 1 female 


1923 

May 3 1 female. 


These numbers would have been greater but for the facts 
that certain larv© were given away, some were dissected and 
some were parasitised, while the next generation (1922-8) 
were obtained parthenogeneficaily. By combining the 
results of rearings and dissections of the 1921-2 generation 
I obtained 17 females and 4 males! of mixta, plul 1 
ichneumon, and 3 females and 2 males of macula plus 6 
ichneumons. From the figures little can be sfcid as i& 
differential sex ratios or times of emergence of the sexe#. 
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PartherwgeneMi . Both specie** are readily partheno- 
genetic and, with me, arrhenotokous. In the ease of mista, 
8 pup®, either in or out of the larval skin were males; the 
»ex of one larva, dissected before the caterpillar burrowed, 
was not determined; six larvae, sex undetermined, are still 
resting July 11, 11123). Twenty pupte of macula were all 
males. These results are important because they are at 
variance with ihat of v. lioesiun who, according to Winkler 
(3) states that from partlienogenetie eggs of miuria he 
obtained 1 female which laid parthenogenetie eggs from 
which emerged 7 lnivu*. Three possibilities suggest them¬ 
selves to nrc»unt for ihese different finding*, vis., (t) v. 
Rossum's laboratory strain may have become contaminated 
bv the addition of ft wild specimen which had been 
sexually produced and introduced with a food plant; or 
(2) the species is usually arrhenotokous but occasionally 
produces a female parthenogcnetically; or (3) the species, 
according to locality, may show differential parthenogenesis 
as in ihe case of Trialeurotle* vaporanorvm which in 
England is female-producing and in North America is 
male-producing. 


SUMMARY. 

1 . Now features of the distribution, life history and biology of Tkrinax 
mixta are deeonbed and an account of tho life history Mid biology of ?. mac via 
given for the first time. 

2. The lame of the two species are differentiated. 

3 The two species are 41 parallel species." 

4 . The method and rationale of the laying of the peculiar egg* are given 
m detail. 

5 . The operation of burrowing by macula ia described in detail. 

6 Both specie* may defer emergence for a year; one specimen of mixta 
show* every sign of postponing emergence for two years. 

7. Both species *r**rrheaotokous)y parthenogenetie; this result is at 
variance with v. Ko«pw v s findings in the case of mixta. 
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THE PHILOSOPHY OF N. O. LOSSKY. 

By H. TOMKtOKFF. 

[Read February 22nd, 1923*] 

Prof. Lossky is Ike first Russian philosopher to attract 
the attention of Western thought. This fact alone attests the 
originality which chaiocteiises his philosophy, and which is 
recognized as giving it u prominent position in the foremost 
rank of modern philosophical developments. 

Russian thought, u product of the fusion of Hast and 
West, from its very beginning proved to b© deeply philo¬ 
sophical. But although philosophising in general is an 
inherent feature of the Russian character, Russia oil the 
whole has not produced any prominent school, and the history 
of Russian philosophy cannot he computed with those of other 
countries. Russia did not teceive the inheritance of Greek 
philosophy, nor did she put* through the period of scholaa- 
tism. Moreover the tendency of Russian philosophy was 
mainly ethical. The problem of value for a Russian was 
always superior to that of being. 

From the vety beginning, Russian philosophers were 
deeply influenced by foreign sources, but it is not without 
significance that the first of any importance—G. Skovoroda 
(1722-1794), was a follower of Neoplatouists and early 
Christian philosophers. During the great intellectual 
progress made by Russia in the 19th century, philosophy 
still bore an eclectic and imitative character. Epistemo¬ 
logical foundations were lucking and it was preoccupied 
mainly with ethical and social problems. Philosophical 
systems were wholly imported from abroad, to serve as a 
basis of ethical teaching. They were mainly of a 
dogmatic character and critical philosophy never got a strong 
footing in Russia. German idealists, materialists, positiv¬ 
ists—all of them had their share of influence. But in the 
seoond half of the 19th century arose a more or lees original 
school of Russian philosophy. The forerunner of this 
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movement was P. Yourkevitch (1827-1874), who wrote under 
the influence of Plato and in opposition to the prevailing 
tendencies of his own time. Y. Soloviov, L. Tolstoy and Th. 
Dostoevsky wholly expressed the ethical-religious side of the 
emerging philosophy, although the metaphysical side was 
almost altogether lacking. 

V. Soloviev (1853-1900)—the Russian Newman, as he is 
sometimes called, was a very prominent figure in Russian 
philosophy and theology. His profound mysticism, his 
ardent search tor truth and goodness, rank him among such 
men us Plotinus, St. Augustine and Th. Aquinas. According 
to Soloviev, knowledge is possible neither through experience 
alone, nor through reason alone. Neither, by itself, can 
give us the picture of the real. The real, which is a perfect 
unity (ru tii, rv rpSnov of Plotinus) is not external to the 
subject, neither wholly inherent in him. The real is given 
to the subject by a direct apprehension in all its organio * 
unity. This is what Plotinus calls Koipro or intuitive 
knowledge. The Absolute, therefore, is not a deduction from 
perception, nor a construction of our mind, but, “ that 
which is experienced." 

Soloviev’s philosophy was further developed by 8. 
Troubeskoi and finally taken by N. Lossky as a basis for his 
epistemological study. 

This gives us a very brief summary of the sources of 
Lossky’s philosophy, so far as he found these in the Russian 
school. On the other hand, we can trace a ^certain similarity 
with, if not direct influence from, such western philosophers 
as F. Jacobi, H. Lotze and W. Schuppe. F. Jacobi was 
probably a follower of Plato. His “ philosophical instinct ” 
is very closely akin to the Platonio "iput,” —a force 
driving man to seek knowings, not of the appearance, but 
of the true Being C'Orrwf^Or) or Absolute. This Absolute 
is not the creation of our thought but our creator. It is 
immanently present m our mind and not given as a copy of 
phenomenal knowledge. The basis of all knowledge is 
therefore’ an intuitive revelation—the spiritual feeling 
(Geufei QtfiM) and not the partial image of Being (the 
Phenomenon of Kant) or the sense-data of empiricists. 



The same intuitive philosophy we can find in Ldtse. 
According to him the undivided feeling is prior to thought, 
which is merely a formal function acting upon a given 
content of intuition, or, as Lotte himself expressed it—“the 
unity of a significant Idea forms the piimary datum—an 
Idea which, fiom its absolute worth, deserves to be the 
deepest and most solid foundation of the universe. • . 

The close similarity between Lossky and Ixitse can also he 
observed in their conception oi the Universe as an organic 
whole. 

Lossky is probably the first Russian, who disentangled 
the epistemological-metaphysical pioblem from its ethical- 
religious superstructuie He is one of the first Russian 
representatives of puie philosophical thought, but at the same 
time he preserves in it the best tiaditions and ideas, of 
Russian ethical philosophy. The very title of his magnuvi 
oput in its first edition was: “ Foundation of Mystical 
Empiricism,” which seems to suggest an attempt of unifica¬ 
tion of Western empiricism with Eastern mysticism. In a 
subsequent edition nevertheless Lossky found it necessary to 
change this title into a less ambiguous one, t.e., “ Foundation 
of Intuitivism ” (The Intuitive Basis of Knowledge. Engl, 
transl.). By the teims mystical and mysticism, Lossky 
■meant only a certain theory of knowledge, according to which 
the transubjective world is apprehended by the mind as 
directly as the internal woild of feelings and ideas. ‘In 
popular interpretation, on the other hand, “ mystical ” 
means something mysterious, something dark and weird. 
This popular conception certainly does not apply to 
Lossky’s idea. 

In his “ Foundation of Intuitivism ” Lossky did not 
attempt to solve ontological problems. He only approaohed 
the problem of knowledge, for this he considers to be the 
fundamental problem of philosophy. A great port of his 
book is concerned with a critical s\udy of previous philo¬ 
sophical systems. The very able oritioism of Loeaky opens 
up the road to his new theory of knowledge, and therefore 
we have to consider it in some detail. 
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According to Lossky the fallacy of subjective empiricists 
(Locke, Berkeley, Hume) consists in the fact that they build 
up their theory on certain assumptions the true value of 
which cannot be proved. These a prion assumptions are of 
the following kind:— 

(1) That the Ego is completely separated from the 
non-Ego (1 and the external world). 

k 2) That all contents of consciousness are subjective 
mental states of the knowing individual. 

(3) That experience is the result of causal action of 
non-Ego on Ego. 

(4) That the states of consciousness do not present the 
reality directly but ure copies of it. 

Building up our theory of knowledge on these assum- 
tions we inevitably arrive at a self-destructive scepticism, 
which obviously throws doubt on its own validity. This is 
the “ cul-de-sar ” of subjective empiricism. 

Pre-Kantian rationalism also does not avoid certain 
unproved assumptions and certainly does not bridge the 
chasm existing between the Ego and the external world. 
Beality is still presented to the Ego in the form of copies in 
the mind. Leibnia writes that perception in “ an inner state 
of the Monad which represents the outer things.” 

Subjective empiricism and rationalism, according to 
Lossky, agree only in one positive conclusion: “ They both 
assume that the mind can know its own feelings and ideas 
with perfect adequacy . . which means that in this case 
the known object is immanent in the process of knowing. 

Kant produced a revolution in philosophy, but it can 
hardly be said that he has solved the whole problem. His 
fundamental assumption i* the same as in previous systems: 
that empirical knowledge is the result of an action of the non- 
Ego on the Ego, According to him the world presented to us 
is a discontinuous whole and all the relations and meaning 
are supplied by the mind. “ Not only does Kant banish 
from the world all activity except the intellectual synthesising 
of the data of sense, he also banishes from the world all 
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inner meaning aud therewith all inner relation between it* 
elements. 1M 3 If we developed the idea of £aut to its 
logical conclusion, we should altogether deny the existence 
ot the external a orld. But in spite of aid. its defects, Lossky 
thinks that Kant's theory, by destroying some of the old 
fallacies, prepared the ground for the thorny of intuitivism. 

This new idee seems to be present in some hidden form 
in all the main tendencies of philosphical thought in the 
19th century, but at the same time it appeals that it wus the 
chief cause ot their disagieements, rather than of their 
unity. Accoiding to Lossky, the mystical rationalists such 
us Fichte, Schelling aud Hegel “ did not realise that the 
new principle merely justifies the assertion that fhere are no 
insurmountable obstacles to a knowledge of the world, but 
affords no grounds whatever for regarding human thought 
as divinely omniscient/ 1 3 They were too hasty in their 
solution of the Biddle of the Universe and wanted to 
embrace the infinite. The same also can be said about their 
antipodes—the positivists and the materialists of the 19th 
century, who uttempted to build a Universe on tl^e basis 
of detached sense data or certain abstract ideas like 
“ matter M or “ energy.” 

In opposition to his predecessors, Lossky approaches the 
subject of knowledge, not horn the side of perception or 
the object, nor from that of a general a 'priori idea, but by 
trying to understand the process of knowledge in itself. He 
does not think that we know a thing, only when we can 
describe it, or find relations between its elements. This he 
supports by a quotation from Gmthe’s Faust: 

“ He who would study organic existence, 

First drives out the soul with rigid persistence; 
Then the parts in his hands he may hold and class 
But the spiritual link is lost, alas! ” 

Every positive science proceeds in this way. This does 
not diminish its practical, value, but epistemology, being 
the fundamental basis of science, cannot be built up cm the 
results attained by certain special sciences. Those results 


-2, p. 128. 
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can be introduced only as a material and not as a foundation 
for a theory of knowledge. 

“ In other words, a theory of knowledge must begin with 
an analysis of the experiences actually taking place at any 
given moment. 4 Any dogmatic assumption, even the 
division between Ego and non-Ego, must be abandoned in 
approaching this problem. 

And so, if we discard all our preconceived ideas about 
the Universe and confine our attention to a simple manifee- 
tation of our consciousness as expressed by any judgment 
of perception, as for example: “ I am glad,” “ I see a 
house,” etc., we always find in it something that stands in a 
certain relation to ourselves. This something Losaky calls 
" given to me,” and this “ given to me ” passes into that 
which is “ mine.” We usually make a distinction between 
the things observed in the external world and oar own ideas 
and feelings. The latter we call “ ours ” and we are sure 
that we perceive them as they are. Lossky thinks that 
there is no diffeience in this subject between the perception 
of the " given to me ” from the outside, and the ” given to 
me ” from the inside, so to say. Every thing “ given to 
me ” becomes a “ content ” of my consciousness. My 
psychical states may be given to me just as much as the 
object of the external world. “ In this case they will stand 
in a twofold relation to me. They will be ‘ mine * (in the 
sense of being a state of myself) and they will be * given * 
to ‘ me ’ for observation.” 8 Therefore the fact of conscious* 
ness involves at least three elements: — 

(1) The self. 

(2) A content. 

(3) A relation between the two. 

As we saw before, the “ content ” of consciousness is 
formed by everything “ given to me,” i.e.—standing in a 
oertam unique relation to me. This relation is not a oasual 
one and is simple, so that it cannot be defined or described. 
Using the modem logistic terminology, we can assign to 
this relation the properties of being a one-one, non-sym- 
metrical relation. “ We win call this unique relation 

s, p. m. * 8, p. us. 



381 


between the Ego and something which owes its existence to 
my attention and leads to that something " given to me ” 
perception, intwtum, 01 gnoseological co-ordination, be¬ 
tween subject and object ” 8 

In a later edition, of his book, Loesky finds it necessary 
to distinguish between those terms According to his new 
definition, gnoseological co-ordination is a super-spatial and 
super-temporal 1 elation between the hgo and the object and 
it is pnor to the intuition On the other hand, intuition u 
the act of awareness, which becomes possible only in virtue 
of this 1 elation 7 

To have something in consciousness (or in mind, to be 
more precise), a simple awareness of something, certainly w 
not yet knowledge “ A content of consciousness may be 
unknown, either completely or at least in so far as 1 am not 
able to desonbe it ” 8 When, for example, we are looking 
at something unknown to us, our first impression is an 
indefinite, obscure feeling of something presented to our 
consciousness But gradually we begin to discriminate 
certain aspects of the given, and we are comparing those 
aspects with something we know already, something present 
in our memoiy But “ the entirety of a thing u pnor to 
1 1» elements ”® 

According to Lossky the judgment of perception, is the 
result of the differentiation of the “ given ” by means of 
comparison The same idea we can find in Bradley’s 
Appearance and Reality For him the judgment of percep¬ 
tion is composed of two elements •* that ” and “ what " 
“ That ” and “ what ” respectively, correspond to the 
image and the idea about the image They can never exist 
in our mind separately, but are always united At the 
same time they cannot be said to be identical The copula 
—u, does not represent an equation “ In judgment an 
idea is predicated of a reality,” said Bradley (App and 
Beal p , 163) But the predicate is not merely a mental 
idea or another image, it w a quality of the very reality that 
we are contemplating “ Judgment is essentially the re¬ 
union of two sides, ' what 1 and * that,’ provisionally 

•ipMI *8, p US *8, p 188 * 7, p 178 
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estr angled.” (Bradley, p. 165.) It is veiy difficult to 
assert with any conviction, that Lossky was in any way 
influenced by Bradley in his view on the nature of judg¬ 
ment, most piobably he was not, but the similarity between 
both is striking. For example, Lossky writes: “ The 
object known is the real world. But since everything about 
which we judge is real in one sense or another, we want to 
know not that an object is, but what it is—quid sit, and not 
quod sit.” (Int. Has. of Know., Kngl. transl., p. 261.) The 
terms “ that ” and ” what ” of the last sentence are intro¬ 
duced by the translator, piobably for the sake of clearness. 
The literal translation of the sentence would mn as follows: 
“ . . . . not that the object exists, but haw it exists—not 
quod sit, but quid sit.” 

The predicate of that-what judgment is a concept. 
Croce, like Bradley, derives the pure concept from the 
Beality itself. The expression of tins concept, according 
to Croce, constitutes what is commonly called Ihe u defini¬ 
tive ” judgment. This judgment is formally different from 
the individual judgment, forming the perception in its 
strict meaning. Perception is pre-supposed by the concept 
formed in the mind by means of the definitive judgment. 
” To perceive means to apprehend a given fact as having 
this or that nature; and ho means to think and to judge 
it.” 10 Lossky also shows that there are different kinds of 
judgments and “ that if several successive acts of knowing 
are directed on one and the same object, they will result in 
the formation of a concept as well as of judgments.” 11 
But he is not quite clear about the distinction between the 
perceptual u image ” and the “ given reality.” For my 
own part I think, that the terms ” intuitive perception ” or 
tf intuitive knowledge,” must not be used, for they lead to 
a misconception. The term “ knowledge,” in any case, 
must be used as Lossky defines it himself, that is as a 
process of analysis of reality by means of comparison. 
Knowledge is pragmatical in its nature and can never give 
the whole truth, for reality can be subdivided into an in- 

*• Croce. Logic m Science of the pare concept, p. 115. 

11 8, p. ias. 
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finite number of aspects. In tbis respect we are in a perfect 
agreement with Croce, who says that u it must be firmly 
maintained that the first moment of knowledge is intuitive 
and not perceptive; and that the concepts do not originate 
from the intellectual act of peiception, but enter the act 
itself as constituents. To begin with perception, understood 
as perceptive judgment, is to begin at the end, that is to 
say with the most highly complex.” 12 

Except in the matter of terminology and exact definition 
of terms, the analogy between Bindley, Croce and Lossky 
on this subject is very striking. From his theory of 
judgment, Lossky draws the conclusion that every judgment 
is an analysis of the unknown part of reality, and at the 
same time a synthesis Mith reference to the known parts of 
the reality. Bradley expresses the same idea in the follow¬ 
ing manner; ff For judgment is the differentiation of a 
complex whole, and hence always is analysis and synthesis 
in one.” 13 

In Croce's work we can see a more elaborate statement of 
the same idea: “ If analysis apart from synthesis, the a 
priori apart from the a posteriori , be inconceivable, and 
if synthesis apart from analysis, the a posteriori apart from 
the a priori , be equally inconceivable, then the true act of 
thought will 1)6 a synthetic analysis, an analytic synthesis, 
an a posteriory ^priori, or, if it be prefened, an a priori 
synthesis." 14 This is a return to one of those ideas of Kant 
which prepared the way for intuitivism. 

From all this it follows necessarily that q true judgment 
must be objective (transubjective). It must not be a copy, 
or a bundle of copies of reality, but it must itself be con¬ 
tained in reality. “ In this sense it can be said that 
truth is an objective image of a thing, and falsity a sub¬ 
jective image of it.” 18 A true judgment is therefore 
eternal, necessary and universal. In other words, a true 
judgment is present a priori in reality. What about tbe 
subject—is he not a part of reality alsoP Is it possible 

,J Croce. Logic, p. lfiO, 

11 Bradley, Appearance and Reality, pp. 169-9. 

” Croce. Logic, p. 210. "8, p. 137. 
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that an a priori judgment can be formed in a togetherness 
of the subject? Lossky does not go so far as to admit this, 
and the problem remains unsolved. The relation between 
the Ego and the World is the deepest mystery of the 
universe, but, as the poet said— 

" The cieature is m Biahma, and Brahma is in the 
oieature: they are ever distinct, yet ever united.” 

(Knbir, One Hundred Poenu). 

But one thing concerning the judgment we must dearly 
keep in our mind: a judgment may be a true one, but it 
may not be the whole truth about the reality. In every 
act of judgment we analyse the given reality by abstracting 
some of its aspects and always leaving an undifferentiated 
residue. A given reality as wo know can be subdivided 
into an infinite number of aspects, and therefore no finite 
sum of judgments about it can express the whole truth. 

According to Lossky the relations in judgments are 
not produced by the subject, they are only discriminated 
by him. The woild is gradually opening up to the 
knowing mind—the mind gains a hold on reality and 
unfolds it. Appearance is the perceived reality, or 
abstracted and compared aspects of reality. Appearance 
belongs to leality, and in this way the chasm between 
appearance (knowledge) and reality (being) is bridged. 

Some objections may be raised in connection with the 
nature of indirect judgment. Usually we do not acquire 
our knowledge by means of direct judgments. “ The sun 
is rising ”—is a direct judgment when we observe the sun 
rise above the horison, but do we accept the value of this 
judgment in astronomy P No science would be possible 
without indirect judgments and indirect inferences. “ If 
such inferences be merely probable, almost the whole 
science of geology becomes a system of hypotheses, the' 
truth sf which can never be established by any pr ogr oss 
of knowledge. Exactly the same would have to be said 
of history when it recreates the past from the ruins of old 
towns, Jhfbm inscriptions, coins, etc.” 18 Lossky tries to 
solve tins problem by extending the meaning of givei}- 

‘•ffTp, 880. 



ness." The given data may be of two kinds: sensuous 
or non-sensuous (supersenauous). As we indicated before, 
even the ordinal y perception requires supersensuous data 
—concepts. “ The nioie we seek to know the external 
reality as it is in itself, and not in its effects upon our 
body, the inoie we Btrive to abstiact fiom the sensuous 
data and to let the non-sensuous elements of experience 
enter into the foiegiound. The knowledge which consists 
tn apprehension of the non-sensuous I propose to call 
tpeculattve knowledge, or intellectual intuition.” 11 From 
this it follows that every kind of knowledge is in a certain 
degree speculative. According to Lossky, the non-sensuous 
data, including the universale, are also in the reality and 
given directly to the subject. On this point I disagree 
with Lossky, and without being aiiaid to be called a 
nominalist, I think, that universale are inferred from 
reality and do not exist in the same way as particulars may 
be said to exist. We can say that " tallness ” exists, for 
we speak and think of it, but its existence is somewhat 
different from my own existence or from the existence of a 
particular tall being. To posit the universal as existing 
at the same level as the particulars is a step towards an 
atomic new-real ism. 1 think that universale depend on 
particulars and are a result of our thought, a kind of 
mnemonic device for the economy of thinking. Certainly 
this idea is purely nominalistic, and as we know, nominal¬ 
ism is considered somewhat akin to mateiialism. Never¬ 
theless, in my opinion, nominalism is not out of place in the 
theory of intuitivism. The universals may be taken out, 
of the reality but their moment is subsequent to that of 
the particulars. We may perhaps agree that univertalia are 
in re in the reality taken as one whole, but they are 
certainly post rem when we are thinking about its isolated 
aspects. Los sky writes that “ universals have real being 
and are given in perception,” 18 I should prefer to state 
it this way: universals aie given in intuition of the real 
en durie. The addition of the time element, or the 
Bergsonian durie is, I think, necessary for the thought 

”3, p. 364. “3, p. see. 
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process involved in the apprehension of universale as such* 
We may disagree about the objective or subjective nature 
of time, but that time exists we are all sure. It may, 
if wo like, 1m regarded as an intiansitive relation of a 
ueiial ordei The piooewi of thought occurs in time—en 
durte. The miud endure f reality with the formation of a 
Mneme, that is the sum-total of its past states. The Mneme 
in its turn, actn upon the present and produces the future. 
For certain purposes of dialectic discussion we can abstract 
an instant of intuition or an instant of perception regard¬ 
less to the time element, but this abstraction can never 
reveal the real piocess of thought and the origin of 
concepts. I do not see how we can approach the problem 
of universal* and of indirect judgments, leaving out of 
account the elements of dttrSe and Mneme. The way of 
formation of concepts can be illustrated thus: —when we 
perceive a new aspect of leality— u this thing,” we always 
compare it to something else, usually presented to ue by 
memory. We cannot think of something presented to us 
wifhout thinking the same time about something else. The 
judgments of perception are built up, linking the unknown 
aspects of the given with some known familiar aspects 
existing in our Mneme. Suppose we perceive the same 
aspect of the given reality again and again or even imagine 
it repeatedly. This process has to proceed in durte by means 
of Mneme. The essential property of Mneme is that the 
often lepeated process become, so to speak, canalised and 
condensed for the purpose of economy of thought. This 
condensation of aspects of perception leads to the formation 
of concepts, a kind of shorthand designs for the apprehen¬ 
sion of the variety of experience. Certainly no pure percep¬ 
tion is ever possible, even in a new-born infant, because 
every organised being possesses a mnemio stock in virtue 
of its organisation. 

This necessarily lends us to the consideration of a wider 
question of the " self ” or individual in the scheme of the 
universe. Unless we consider the individual as an historical 
being, that is to say, in its durte together with its stock of 
Mneme, the problems concerning the indirect judgment, the 
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indirect mfcnnot and the formation of unimBli, M 
presented by Louky are completely insoluble For what 
ii an individual, if not a product of the past interrelated 
by innumerable ties to everything outside its own hunted 
existenoe " Life is the gathering of waves to a head, at 
death they break into a million fragments each one of 
which however, is absorbed at once into the sea of life and 
helps to form a later generation which comes rolling on till 
it too breaks * 19 Butler s idea of the vicarious nature of 
human individuality and its progress m the flow of tune, 
must be dearly borne in mind while discussing any gnoseo¬ 
logical questions The vicarious nature of consciousness 
and experience is also propounded by S Troubeskoi and he 
expresses it in the following words * human 

consciousness is not my personal function, but a collective 
function of tbe whole human race I think also, that 
human consciousness is not an abstract term indicating 
separate individual consciousness, bat that it is a living 
and concrete universal process ”*° For Troubeskoi an 
individual mind is a manifestation of a “ eotmto ” con¬ 
sciousness and a “ oosmtc ” memory No isolation between 
Ego and non-Ego is possible—they are both closely 
interrelated 

If we accept the views of Butler and Troubeskoi on the 
nature of the Ego then the problem of universale and 
indirect judgments is more easily soluble The terms of an 
indirect judgment may not be " mine ” in the narrow mean¬ 
ing of “ mine ' but somebody else’s But this tranaubjee- 
tore experience just the same as “ mine ” experience form* . 
a part of a wider experience of a superhuman Monad which 
we may perhaps call God Our mind 19 a creative unity, 
existing m a process of development in which the past is 
constantly building the future but wbat we call our 
consciousness is an emer/rent quality of the higher Monad 0 # 
a manifestation of the Whole to use the term proposed by 
Mettaggart 1 

**8 BcUsr. Mots Books p 15 
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Although Lossky does not bring in the idea of vicarious 
personality, his views as regards the meaning of the world 
process, is oloeely similar to the conclusions reached above. 
“ It will readily he noticed that we are specially inclined 
to describe as rational all those activities, and generally all 
those aspects of reality which we believe to possets a higher 
meaning, a high super-individual significance—a 
significance, to a greater or less degree, for the world as a 
whole. But significance and meaning are only possible 
where there is purpose; and, if so, individual things can 
have a super-individual significance only if there is purpose 
in the universe at a whole. Consequently the word reason 
ought to denote the faculty of putting before tbe mind and 
of realising these supreme or highest purposes.”* Know¬ 
ledge or reason, therefore, is purposive in its character; in 
other words it is practical. 

The world of which the individual takes part, must 
possess a complete organic unity, since it has a definite pur¬ 
pose. “ In contradistinction to individualistic empiricism 
and in agreement with rationalism, the intuitional theory 
lays particular stress upon the organio living unity of the 
world.” 3 This idea is more developed in Losaky’s " The 
World as an Organic Whole.” It would also he as well to 
mention the excellent exposition of the idea of an organic 
whole, or organic unity, in the recent hook by HcTaggart 
(The Nature of Existence), in which he writes that in an 
organic unity “ each part is regarded as determined by the 
whole which is not merely compounded of the parte, bnt 
is manifested in them. - And the relation of each part to the 
others is that it is not only determined by them, bnt that it 
oo-operates with them in manifesting the whole,” 4 

The ontological idea of Loasky, as we can now see, ie not 
only akin to that of Lotse, Bradley and Hegel, bnt also to 
that of J. Th. Men. Dr. Men's “ synoptic ” method of 
approach to the world, his dislike of partial views, his 
belief that ” tbe ultimate reality is not to be reaohed by 
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thought but must be left, lived, and experienced,”* are 
probably well known to everybody 

But the unity of the world does not consist m the way of 
thinking it The reality presented to us is a highly oomplex 
substance, the product of a certain creative synthesis, the 
work of somebody outside our own self We are only form¬ 
ing a part of the world, but not a fragmentary world, full 
of bloodless entities m a mad dance, but a living organic 
unity, permeated by an inward meaning and higher pur¬ 
pose As we are a part of the world we also must have a 
purpose which attains its fullest realisation m the ethioal 
life Being part of the world and at the same time—the 
heirs of the past, we must strive to contribute as much 
as we can to the world progress In other words, our highest 
moral duty our greatest approach-rood to immortality, are 
the things that we are doing for the test of the world, our 
life m others “ Wo had better live in others as much as 
we can if only because we thus live more m the race which 
God really does seem to care about a good deal ” s This 
is the greatest idea that ever existed among mankind and 
which was always present in all religion and philosophy and 
is, according to Walt Whitman, the “ base and finale too 
for all Metaphysics ’ 

“ Ihe dear love of man foi his comrade, the attraction 
of friend to fnend, 

Of the well-married husband and wife, of children 
and parents, 

Of city for city and land fot land ’ 7 

According to Lossky everything existing is bound up jn 
one perfect unity “ Hence it follows that cosmic unitjj 
pre-supposes a substantial agent which embraces everything 
that exists in the universe and binds it together into one 
ordered whole Suoh an agent it a higher principle of 
cosmic meaning and rationality, than the Abstract Logo* 
—it ii the Concrete Logos, a living, personal being ”* Only 

* J 1B> Men, 4 Huteqr of European Thongtit in XUt omtuj,, 
p 789 

*0 Butler, Kate Books, p 18 
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living in others we can wholly realise our higher purpose 
and attain our true immortality. 

It would be a very difficult task indeed to attempt to 
place Lossky in a definite school of philosophy. It seems 
that he selects and unites in himself elements belonging 
to different schools. In one sense we may call him fa 
idealist, but at the same time we cannot ignore the feet 
that he rejects the notion that appearances are mainly 
deceptions screening the real being. In another sense he 
may be called a realist, but not an atomic new-realist, not 
one who takes sense-data, qualities and categories as 
existing independently in the world. In his view on 
knowledge he is a pragmatist, in his view of art'he in part 
resembles Croce. At first sight one feels tempted to 
compare him with Bergson, but the similarity between 
them is not complete enough to allow them to be classed 
together. In one of his books, 9 Lossky criticizes many 
sides of Bergson’s philosophy. Lossky is in perfect agree¬ 
ment with Bergson’s view that intuition gives us an 
immediate knowledge of an object, but he thinks that the 
methodology of his system is not quite perfect, because 
Bergson approaches the question of knowledge partly from 
the metaphysical, partly from the physiological point of 
view. He also agrees with Bergson that the world is in 
organic whole in a process of development, but he holds 
that reality is not only a flow of change: this is only 
one of its aspects. Besides change it contains also some¬ 
thing that changes. The analysis of mind does not destroy 
the object—it only abstracts the needed parts, whereas 
Bergson opens np an impassable gulf between intuition 
and intellect, and thinks that scientific knowledge is only 
a symbolic representation, a copy of the real. 8cienee and 
metaphysics are separated by Bergson; Lossky tries to 
reunite them. A consideration of these points shows that 
Lossky and Bergson are too different to be classified 
together. Bradley, Croce and Hegel certainly have men 
in common with Lossky. 

,Aa attempt to eluoidate the question oi a system of 
metaphysics it made by Lossky an one of hi* latest avtielee 



m 


imUUttd in the new Russian philosophical journal 
“ Mysl ” (“ Thought ”) According to Loseky, tho only 
pOeuble system of philosophy is an ideal-realimn, * e, a 
system asserting that the basis of the spatio temporal world 
is formed by an ideal being But an ideal realism can be 
founded on two kinds of ideas, veiy dissimilar in their 
essence On the one hand, we can postulate abstract ideas, 
such os equality, number, quality, etc , on the other, 
concrete ideas, which ore actually present in the real world, 
such os the Nous of Anstotle, the Monad of Leibnis, Mind, 
Spirit, etc 

The only possible system, according to Iosoky, is the 
one based on concrete ideas, and foi such a system he 
proposes the name of concrete ideal realum “ Every 
form of ideal-realism must tend to an organto aspect of 
the world The whole must determine its components and 
not be merely their product 10 An abstract idea is not 
on idea of an organic whole, not an idea of being, but only 
a quality of a class or mechanical assemblage of objects 
A Therefore an abstract ideal-realism cannot be taken at> a 
basis of an organistic system of the world And further, 
abstract ideas are static in their essence and can never give 
a picture of a dynamic universe as we see it The universe 
tends to dasmtegr&te into isolated and unconnected *' thing* 
in themselves,” when the categories are supplied by the 
perceiving mind In this sense the philosophy of Igegel 
jis a trqe concrete ideal realism But certain theories, such 
jaa the 0onlogism of Cohen, can never satisfactorily explain 
the category of purpose, so essential for the organic struc¬ 
ture of the world Without purpose the world would 
appear only as a mechanical system, dead and nncreativ* 

An abstract idea can never furnish unity to the system 
^to which it relates Abstract ideas are mere abstraction* 
Sad not factors The conception of a higher Being stand* 
lag above any rational or empirical knowledge, was put 
forward by Plotinus and bis follower, Y Soloviev Thjt 
Being has tbe quality Of an eternal t up o rm i nd nenj but at 
biheaame tuns It u manifested m every part of the wotid* 
rnmwbng oubelvas. We feel Its present—, but cannot 
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about It m a logical way. This intuitive awareness of this 
higher Being is the true foundation of our “ self.” “ The 
concrete ideal realism postulates the existence of a being 
which dominates, not only the spatio-temporal pro¬ 
cess, but our own ideas. The ideas are always dependent 
moment* of this higher being as, for example, qualities, 
propei ties, cap auntie*, potnbiUtte* or form* of its acti¬ 
vity.” 11 Therefore, the logical laws do not apply to this 
concrete ideal substance—it is a metalogical being. 

The Absolute is one, undivided, eternal. The apprehen¬ 
sion of Absolute is given to us directly, and not through 
some rational or empirical methods. This direct aware¬ 
ness oi the higher being is called by Lossky mystical 
mtuttton. 

All this certainly does not exclude the possibility and 
necessity of an analytical knowledge, because every aspect 
derived by means of analysis, is part of the Absolute, and 
its relations are actually present m the Absolute. 

The human soul or mind can be taken as an example 
of a conciete ideal being. Besides its conscious thought 
and activity, the human personality possesses an infinite 
content and infinite potentiality. The human personality 
cannot be brought down to the level of physico-chemical 
world, obeying the law of cause, in a mechanical sense of 
thiB term. " Those who will accept the existence of con¬ 
crete ideal entities, similar to the human personality, 
cannot reduce causality only to the order in time.” 19 A 
cause of an event cannot be a detached event preceding 
it, the real cause of changing appearances is always a 
concrete-ideal entity underlying every process. This 
entity is super-temporal, always flowing, always creating 
and carrying all the past within itself. And all those 
entities " stand in a relation of co-ordination to each other 
and to all the elements of the world.” 1 * 

The theory of concrete ideal-realism gives us a biolo¬ 
gical aspect of the universe. According to this theory 
every organic whole is composed of parts bound together 
and co-ordinated by a general purposive activity, which 
is the expression of its “ I.” Mind or soul are the hemes 
“is. u rwd. “»». 
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given to tine active entity The teim M psychoid M can be 
applied in case of lower forme of life 

11 An organism is an infinite machine % e a system 
in which the organisation possessed is overwhelming 
capable of infinite eztention yet complete m character f 
it is a concrete pvrpostveness and concrete organization ” 
The theory of concrete ideal .realism regards the whole 
universe as a living organic being Lossky does not push 
the theory to its logical conclusion but I think that he 
would undoubtedly agree with Butler when the latter says 
that The division between varieties species genus all 
gone between animals and plants gone so ere long the 
division between organic and inorganic will go and will 
take with it the division between mind and matter 14 

S Toimorar 
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